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ABSTRACT
LUCIA LOPES FISCHER: Sgaw Karen as spoken by a member of the local North Carolina 
Karen community: a phonetic analysis and phonemic description
(Under the direction of Elliott Moreton)
This thesis describes some of the phonetic characteristics and provides a phonemic 
analysis of Sgaw Karen, a Tibeto-Burman language, as spoken by a community member in 
central North Carolina. All of the segments are analyzed in terms of minimal pairs in order to 
establish phonemicity. Additionally, vowels are described in terms of their formant 
frequencies, tones are described using their F0, and consonants are compared through 
spectrograms. Lastly, the structure of syllables is delimited and consonant clusters are 
discussed. Throughout, the findings for the native speaker consultant’s dialect are compared 
to the three other dialects documented in the literature: Moulmein Sgaw (Jones 1961), 
Bassein Sgaw (Jones 1961), and Yangon Sgaw (Lar 2001). 
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CHAPTER 1
INTRODUCTION 
The language under consideration in this project is Sgaw Karen, a Tibeto-Burman 
language spoken in Burma and Thailand (Manson 2009). According to Manson (2009), the 
number of Karen languages is unknown, but he estimates 20-30 languages based on the 
literature. Among the Karen languages are: Sgaw, Pwo, Bwe, Kayah, Palaychi, Geker, 
Gebah, and Paku (Lar 2001; Manson 2009). Sgaw Karen has been the subject of relatively 
little phonological and phonetic research, and there are few resources on the phonetics and 
phonology of Sgaw Karen in English (Manson 2011). 
The goal of this thesis is to phonologically analyze and phonetically describe the 
phonemic inventory of the dialect of Sgaw Karen spoken by a native speaker residing in the 
Chapel Hill-Carrboro area of central North Carolina.  This chapter explores relevant 
background information about Sgaw Karen speakers in the United States and North Carolina, 
as well as introducing the native speaker consultant who contributed to this project. 
Furthermore, a short survey of the word order typology of the language is provided to situate 
the reader, a brief overview of previously studied dialects is provided, and subsequently the 
areas explored in this thesis are summarized. 
1.1 Sgaw Karen in the United States and North Carolina
Sgaw Karen is a language spoken in the growing Karen community in the area 
surrounding the University of North Carolina at Chapel Hill, with an increasing population of 
Burmese refugees settling in the Triangle area of North Carolina every year. Speakers of any 
of the Karen languages are a minority group in both Burma and Thailand, and due to ethnic 
conflict and civil unrest in Burma, many Karen people live in refugee camps and emigrate 
under political asylum to countries such as the United States. The Department of Homeland 
Security reports that in the 2011 fiscal year a total of 16,972 Burmese refugees entered the 
United States, which constitutes 30.1% of all refugees accepted into the United States 
(Martin & Yankay 2012). In the state of North Carolina, as of 2009, there were 4,585 
Burmese refugees (CDC 2012). In the Triangle area of North Carolina there appears to be a 
well established community of Karen refugees. The community in the Chapel Hill-Carrboro 
area works to maintain the culture and language, as demonstrated by their work in the 
Transplanting Traditions community farm and the creation of the Karen School, which aims 
to teach middle school children how to speak and write in Karen. Among the languages 
spoken by the refugees in the Chapel Hill-Carborro community is Sgaw Karen, one of the 
southern Karen languages. Sgaw Karen was the focus of the Field Methods course at UNC 
Chapel Hill in the fall of 2012, and from it has sprung the current project, which represents a 
continuation of the phonological and phonetic exploration that began in class.
1.2 Meet the native speaker consultant 
In this thesis, the dialect of Sgaw Karen described is that of Ms. Tri Sa (TS), a native 
speaker from the Chapel Hill-Carrboro area of North Carolina. Ms. Tri Sa had previously 
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taken part in the Field Methods course, and chose to continue working on this project that 
aims to further describe and analyze the language. 
Ms. Tri Sa lived in Burma for 18 years before moving to Thailand. Using Google 
Maps (2013), Ms Tri Sa identified the places where she had lived and they are depicted in 
(1.1). From elementary school until the end of high school, she lived in Myeik, Burma, seen 
as the circle in (1.1). She later moved to Mae Sot, Thailand after she had completed high 
school, seen as the diamond in (1.1). She resided in Thailand for twenty eight years before 
moving to the U.S., and has been residing in the U.S. for six years.
(1.1) Places where Ms. Tri Sa resided in Burma and Thailand. The circle indicates Myeik in 
Burma. The diamond indicates Mae Sot in Thailand.
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1.3 Overview of the word-order typology of Sgaw Karen 
Some background into the word order typology of the language can be useful in 
painting a more rounded picture of the language. Although the current project does not focus 
on syntax or morphology, a very brief overview of the word-order typology of Sgaw Karen is 
presented below. It is based on reports in the literature as well as observations that arose 
during the elicitation sessions with the native speaker consultant. 
The word order for Sgaw Karen is SVO, as demonstrated in sample sentences (1.2) 
and (1.3). 
  (1.2)  awe pʰa li
   3SG read book
     S   V   O
   ‘He/she reads the book’
  (1.3) je pʰɔti
   1SG swim
     S   V
   ‘I swim’
In this language, verbs are not inflected for person, number, gender, or tense, although 
there appears to be some aspect marking (Reynolds et al. 2012). In terms of aspect, Sgaw 
Karen marks the concepts completion, inception, and continuation using a matrix verb plus a 
complement, as shown in examples (1.4)-(1.6) from Reynolds et al. (2012, p5-6). 
  (1.4)  Completion aspect
   #.we po.kʰwa wi.li θu.tɔ  hi
   person man  finish build(V) house
   ‘He finishes building the house’
  (1.5) Inception aspect
   #.we po.kʰwa sʰa.tɔ θu  hi
   person man  start build(V) house
   ‘He starts building the house’
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  (1.6) Continuation aspect 
   #.we po.kʰwa sʰe gwe  li
   person man  start write(V) book
   ‘He continues writing a book’
Sgaw Karen has noun classifiers, which appear with numeral constructions and 
quantifiers (McCoy et al. 2012). For example, in (1.7) a numeral construction is represented 
while in (1.8) a quantifier construction is shown.1
  (1.7) pwa  ta-ɣa
   person  one-classifier.person
   ‘one person’
  (1.8) pwa  pomu  ʔa-ɣa
   person  female  many-classifier.person
   ‘many women’
In terms of word order in noun phrases, adjectives occur after nouns, as shown in 
(1.9):
  (1.9) tʰi-kli
   water-cold
   ‘cold water’
In terms of relative word order, the adverbs occur after the adjectives, as shown in 
(1.10):
  (1.10) ʔaɓɔ  pʰadɔɲã
   fat very
   ‘very fat’
Sgaw Karen has some adpositions that are prepositions, as seen in (1.11), and some 
that are circumpositions, as seen in (1.12). However, there do not appear to be any pure 
postpositions (Feingold et al. 2012). 
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1 See Suriya (1998) for more details on numeral classifiers in Sgaw Karen. 
  (1.11) tʰwi  le  su  to
   dog walks to bridge
   ‘the dog walks to the bridge’
  (1.12) θamiɲo ʔo l# kʰo apʰola
   cat  stand PREP table under
   ‘the cat is under the table’  
Beyond these brief remarks, no other mention of the morphosyntax on the language is 
made in this project, as the project focuses on the phonology and phonetics of the native 
speaker consultant’s dialect of Sgaw Karen. 
1.4 Previously described dialects and points of distinction
As mentioned above, not much academic work has been conducted on Sgaw Karen in 
terms of phonology and phonetic description. Several articles describing and analyzing the 
syntax and morphology of the language exist, but as Manson (2010) notes in his bibliography 
of Karen linguistics only three phonologically oriented sources on Sgaw Karen are currently 
available: Jones (1961), Puttachart (1983)2, and Lar (2001). 
The two main, accessible sources on Sgaw Karen’s phonetics and phonology, Jones 
(1961) and Lar (2001), both provide a thorough phonemic account. Jones (1961) describes 
one dialect in depth, Moulmein Sgaw, and then provides a brief comparison to a second 
dialect, Bassein Sgaw. Lar (2001) describes the Yangon dialect of Sgaw and remarks on how 
it differs from the dialects described by Jones (1961), providing a slightly different analysis 
than his predecessor. Each of the relevant differences will be noted in a “previous research” 
section in the chapters below. There is, additionally, a short one-page summary of the 
6
2 Puttachart (1983) has proven to be an inaccessible source. No copies are available in the U.S. and all attempts 
to obtain a copy have failed. 
phonemes in a fourth dialect of Sgaw Karen called Delugong. However, the primary source 
was not located and does not appear to be available in English. The only citation for this 
source can be found in Namkung (1996). 
Nevertheless, neither of the available sources provides an acoustic phonetic analysis, 
and Lar (2001) states that the phonology summary provided in his work is based on “the 
writer’s own speech” of “standard” (Yangon) Sgaw Karen (p27). One of the aims of this 
project is to describe the language using the acoustic analysis tools currently available so as 
to gain a deeper understanding of the sounds in the language, as well as provide a basis for 
comparison for future studies. 
1.5 Scope of the study
This thesis constitutes further phonological description of a Sgaw Karen dialect, and 
possibly the first quantitative phonetic study of the language, providing a detailed description 
of several phonetic properties of its vowels, tones, and consonants It looks to identify the 
vowel, tonal, and consonantal phonemes of the dialect spoken by TS, and to compare them to 
the previous findings in the Moulmein (Jones 1961), Bassein (Jones 1961), and Yangon (Lar 
2001) dialects of Sgaw Karen. In order to create a description of the phonemic inventory and 
phonetic properties of the sounds, both a phonological analysis of minimal sets and an 
acoustic based analysis is performed on the language. Each chapter is therefore divided into a 
phonological analysis section, followed by a phonetic analysis section. In chapter two, a 
general description of the elicitation methods is provided. In chapter three, the vowel 
phonemes are established and their first and second formant frequencies are explored. In 
chapter four, the tonal system is described, six tonal categories are established, and the 
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fundamental frequencies and tonal contour associated with each tone are investigated. In 
chapter five the syllable shape is discussed and examples of the documented onset consonant 
clusters are provided. Lastly, in chapter six conclusions are drawn about the Sgaw Karen 
dialect spoken by TS and points for future research are discussed. 
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CHAPTER 2
ELICITATION METHODOLOGY
This project was completed with the assistance of one native speaker consultant of 
Sgaw Karen, Ms. Tri Sa (see section 1.2 above). The general elicitation methods used for the 
data collection are provided here. These methods apply to all of the chapters included in this 
project. The specific methodology for the data collection and analysis of vowels, tones, 
consonants, and consonant clusters is described in the chapter where it is relevant. 
2.1 Data collection
All of the data were collected in a soundproof booth at the Phonetics Lab on UNC 
campus during elicitation sessions that were about one hour long (roughly 50 minutes of 
recording and 10 minutes of breaks)3. Recordings were made in Praat version 5.3.42 
(Boersma and Weenink 2012) on a MacbookPro MacOsX version 10.7.5 using a Radioshack 
hands-free, headset microphone (model 33-3012). 
The overall procedure for data collection and data analysis was essentially the same 
throughout the project. For data collection, a combination of translation, word judgements, 
spontaneous response, and Karen script were used. Translation involved providing the native 
speaker consultant with the word in English and asking her what the word in Karen was. 
Once TS provided the word in Karen, she was usually asked what it meant, and proceeded to 
provide the definition in her own words in order to verify that she understood what was 
3 The speaker was paid $15 per hour of work as a native speaker consultant.
originally asked. This step was important because it revealed nuances in meaning and 
showed that her glossing of the terms were not always exactly as the English word she was 
asked to translate. Sometimes the speaker provided more information or words during the 
course of the elicitation, which is here called spontaneous response. Through spontaneous 
response, TS provided additional terms, usually related to the English translation term she 
was asked about, or offered information about other words with similar sounds or 
semantically related concepts. It is important to note that TS had been working with linguists 
for months before starting work on this project and was understanding of the strange tasks 
she was faced with. A lot of the information she provided was spontaneous, and the 
elicitation sessions worked more like an informal interview than a formal set of questions and 
answers. Through word judgements TS gave her impression as to whether the sound segment 
or tone found in two words were the same or different. This elicitation method was 
particularly important when finding minimal sets, especially for the tones. Lastly, the 
elicitation for tones and onset consonant clusters began with syllables written in Karen script. 
TS was asked whether the written syllables meant anything or whether she could think of 
words with those syllables. TS was comfortable reading syllables that did not have meaning, 
and was able to produce them in isolation without hesitation when asked about them. Thus, 
presenting syllables in Karen script to her during elicitation was a technique that worked for 
her (although it may not necessarily work with every native speaker consultant). 
Furthermore, she was sometimes asked whether she could think of words with the same 
“song” (her term for tone) as a word provided to her or with a specific sound. A combination 
of all of these methods was used at every elicitation session. 
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2.2 Data analysis
The data analysis was split up into two main parts: phonological analysis and 
phonetic analysis. The phonological analysis sought to establish the phonemicity of the 
segments (vowels, tones, and consonants) by finding minimal sets. The phonetic analysis 
throughout this project was performed using Praat (Boersma and Weenink 2012), using a 
combination of measuring formant frequencies, measuring pitch, and visually inspecting the 
spectrogram and waveform (see each chapter for specific details). 
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CHAPTER 3
VOWELS
Sgaw Karen is a tonal language with 9 vowel phonemes. The analysis below starts 
with a phonological description of the vowel system, focusing on establishing phonemicity, 
and then proceeds with a brief phonetic analysis, looking at the first and second formants of 
the proposed vowel phonemes for TS’s dialect of Sgaw Karen. 
3.1 Sgaw Karen vowel phonology
The goal of the phonological description is to provide evidence that all of the vowels 
occur in exactly the same phonetic environment, and thus are allophones of separate 
phonemes. 
3.1.1 Previous research
All sources agree that Karen has 9 vowel phonemes (Jones 1961; Lar 2001; Namkung 
1996). In (3.1) is shown a summary of the proposed phonemes by all of the sources (although 
the sources differ in the symbols they use to represent them). 
(3.1) Previously found vowel phonemes of Sgaw Karen (Jones 1961; Lar 2001; Namkung 
1996)
Front Central Back
High i ɨ u
Mid
e
          ɛ #
o
           ɔ
Low a
Lar (2001) and Jones (1961) differ in the symbol that they use for the high central 
vowel. For the high, central vowel /ɨ/, Jones (1961) uses the symbol /y/ and describes it as a 
“lower high central tense vowel, unrounded but with slight lip protrusion” (p8). Lar (2001), 
on the other hand, states that the high central vowel is “phonetically a back unrounded 
vowel...represented phonologically as central unrounded [vowel]” (p30). Lar (2001) 
therefore uses the symbol [ɯ] to represent the high central vowel. Lar (2001) does not 
provide a reason as to why he thinks the vowel is phonologically a central unrounded vowel 
but phonetically a back, unrounded vowel. 
Despite differences in the proposed high central vowel, both Jones (1961) and Lar 
(2001) only propose monophthongs for the vowels. While Jones (1961) makes no mention of 
diphthongs, Lar (2001) explicitly states that “there are no diphthongs” (p30) in Yangon Sgaw 
Karen. In the compilation of phonological inventories of Tibeto-Burman languages 
(Namkung 1996) is included the phonemic inventory of a fourth Sgaw Karen dialect called 
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Delugong4 , which seems to propose four diphthongs in addition to the nine vowel phonemes. 
Additionally, the Delugong dialect appears to propose a phonemic contrast between modal 
voiced vowels and creaky voiced vowels. This phonemic voicing distinction is not mentioned 
by any other source, and no minimal pairs or examples are provided in the brief overview of 
the dialect provided by Namkung (1996). 
3.1.2 Data collection
The same elicitation principles were used as described in section 2.1 above. Here are 
described the elicitation methods for the minimal set in (3.2) below. First, monosyllabic 
words with the same consonant and tone but varying vowel were gathered from the Jones 
(1961) and Lar (2001) word list. Since [θ] occurred with a large variety of vowels with the 
same tone in both Jones (1961) and Lar (2001) word lists, it was chosen as the consonant for 
the minimal set. First the native speaker consultant was asked to translate a list of English 
glosses, however there were still gaps in the set, so at a different elicitation session the 
written syllables in Karen script were presented to the speaker and a full minimal set was 
obtained. The words in Karen script can be found in Appendix A (A.1). 
3.1.3 Data analysis
The goal for the data analysis is to establish how many vowel phonemes occur in the 
language and whether each vowel has one allophone or more than one conditioned allophone. 
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4 The original source, Dai et al. (1991), could not be located and does not appear to have been translated into 
English. The only reference to this source was found in this compilation of phonological inventories (Namkung 
1996), and therefore was not used as a reliable source. None of the phonemes provided are explained or 
described, and from the vowel chart it appears that the authors posit a creaky versus modal voicing contrast for 
all nine vowels. However, without having access to the original source it is difficult to determine exactly what 
the authors meant by the symbols they used. 
In order to determine how many vowel phonemes there are, minimal pairs were gathered that 
provide the vowels in the same context (i.e. occurring in the same consonantal environment 
and bearing the same tone). The tones were matched using pitch measurements obtained 
from Praat (see chapter 4 further description) and were also matched according to the native 
speaker consultant’s judgements (i.e. she stated they had the same “song,” which is her term 
for tone). 
3.1.4 Phonological analysis
Phonologically, there are 9 vowel phonemes in TS’s dialect, based on the analysis of 
minimal pairs.  In (3.2) is shown a minimal set for the nine vowels found in TS’s dialect of 
Sgaw Karen. It depicts the phonemic contrast between the nine vowels in the context of θ_# 
and tone 1 (see section 4.3.1 below for description). The tone, which is usually indicated by 
the superscript after the vowel, is not shown. From visual and auditory inspection of the 
recordings, no diphthongs were observed in the data, contra Namkung (1996). The first two 
formant frequencies corresponding to F1 and F2 remained steady throughout the vowels and 
did not raise or lower, as would be expected in a diphthong (Thomas 2011). 
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(3.2) Words illustrating the vowel contrast for TS’s dialect of Sgaw Karen word-finally after θ 
and bearing tone 1
Contrasting vowels Transcription Gloss
[i] [θi]  ‘die’
[e] [θe]  ‘can (do something)’
[ɛ] [θɛ]  ‘to make a noise’
[a] [θa] Syllable of [k#θa] ‘to breathe’
[#] [θ#]  ‘three (number)’
[ɨ] [θɨ]  ‘you all (pl you)’
[ɔ] [θɔ]  ‘new’
[o] [θo]  ‘oil’
[u] [θu]  ‘black’
3.2 Sgaw Karen vowel phonetics 
In this section, the nine vowel phonemes described above are phonetically 
investigated in terms of their first and second formant frequencies in order to determine 
whether they have one allophone or more than one allophone conditioned by the tones. 
3.2.1 Previous research
No other source provides information about the first and second formant frequencies 
of the vowels. However, there is some information about conditioned allophony. Jones 
(1961) provides a description of all of the vowel phonemes and notes some allophony for the 
vowels /i, e, ɛ, #, u/ based on tonal environment, as reproduced in (3.3). 
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(3.3) Description of vowel phonemes and their respective allophones as provided by Jones 
(1961, p8-9) 
Vowel 
phonemes 
Description Conditioning environment 
i High and tense vowel
“lower high and somewhat lax 
allophone before /ʔ/”
e Higher mid front tense vowel “slightly raised allophone before /ʔ/”
ɛ Lower mid front tense vowel
a Low central tense vowel
# Lower mid central vowel
“slightly raised and fronted  allophone 
before /ʔ/”
ɨ
Lower high central tense vowel 
(with slight lip protrusion)
u
High back rounded vowel (with 
lip protrusion)
“slightly lowered and relaxed  
allophone before /ʔ/”
o
Higher mid back rounded vowel 
(with lip protrusion)
ɔ
Higher low back rounded vowel 
(with lip protrusion
Note: the conditioning environment is only provided where applicable for the conditioned 
allophone. The allophone described under “description” occurs elsewhere. 
Lar (2001) does not provide any information about allophones or conditioning 
environments.  
3.2.2 Data collection5 
All syllables elicited for the vowel phonetic analysis were elicited in citation form, as 
monosyllables, even if they were meaningless (see section 4.2.1 for more details). The nine 
vowel phonemes were elicited within the environment of k_# and with each of the six tones. 
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5 The data collected for the vowel phonetic analysis was also used for the tonal analysis.
If the syllable was part of a polysyllabic word, the speaker was asked to produce the syllable 
alone in order to avoid any potential tonal interaction between syllables and ensure that the 
phonetic environment was the same between all of the vowels. The tokens were elicited from 
a chart provided by Ballard (1993) which has all of the Karen vowels combined with the tone 
marks in an open syllable after the consonant   u, which phonetically always makes the 
sound [k]. This chart is found in appendix A (A.2). 
3.2.3 Data analysis
After the phonological analysis, further phonetic analysis was performed using Praat 
(Boersma and Weenink 2012), which was used to determine the first, second, and third 
formant frequencies of the vowels at the midpoint. 
The recordings were manually annotated in Praat using a Textgrid. The vowel 
beginning and end were identified using the waveform and the formants (Thomas 2001).   
The onset of a vowel occurring after a voiceless consonant was determined based on the first 
robust glottal pulse observed after the consonant (usually coinciding with the onset of 
voicing) and the onset of F2. For vowels which followed a voiced consonant, the onset of 
robust glottal pulsing and of F2 were treated as the beginning of the vowel (Thomas 2001). 
The end of the vowel was determined based on the flatlining of the waveform, as some of the 
vowels were breathy and the glottal pulses faded off on the spectrogram but glottal activity 
was still discernible from the waveform (Thomas 2001).
The data for the vowels was analyzed using a Praat script (adapted from Kohn 2012) 
which measured the first, second, and third formant frequencies at the midpoint.  
Coarticulation interference in the formants from the preceding and following consonant 
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(Hombert et al. 1979; Moreton 2008) were factored out by using formant frequencies 
measured at the midpoint of the vowel (50%) in the analysis, since it was the furthest point 
from both the preceding and following contexts. The settings used to obtain the formant 
frequencies in Praat are shown in (3.4). 
(3.4) Formant settings in Praat (Boersma and Weenink, 2012) for the measurement of 
formant frequencies for the vowels elicited from TS
Setting Value
Maximum formant (Hz) 5500
Number of formants 4 or 5*
Window length (s) 0.025
Dynamic range (dB) 30
*Note: the number of formants was set depending on how well the formants 
provided by the formant tracker lined up with the visible formants on the 
spectrogram. 
It should be noted that about ten of the measurements of individual formants (i.e. 
either the first, second, or third formant) had to be done by hand using a spectral slice due to 
errors in the formant tracker. This discrepancy between the formant tracker and the 
spectrogram generally occurred when the formant fell in between two peaks, as evident from 
the visual inspection of the spectral slice. In that case, the average of the two frequencies of 
the peaks of similar height was taken as the formant value. This formant frequency was then 
compared to the rough estimate obtained from visual inspection of the spectrogram to ensure 
that the right peaks had been selected. 
Each of the vowels was phonetically analyzed in order to determine the formant 
frequencies and to draw a vowel plot for the native speaker consultant. An average of the 
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measurements of ten vowel tokens, demonstrating at least one token of each of the six tones, 
was taken in order to reach the means plotted in (3.6) below. Since ten measurements were 
taken but only six tonal categories exist, some of the tones were repeated (see (B.1) in 
Appendix B for transcriptions with tones for all of the vowels plotted). When there was more 
than one instance of the same tone, the syllables were averaged together to yield only one 
average. Thus, the averages plotted in (3.6) are weighed by tone. The average deviation was 
also calculated for each weighed average of the ten vowel measurements. The vowel chart 
was plotted using The vowel normalization and plotting suite: NORM (Thomas and Tyler 
2007). In NORM, the formants were plotted un-normalized as the mean of the speaker’s 
vowels, using shapes to represent the vowels. A plot with all the vowel tokens was also made, 
and can be found in (3.5) below. 
3.2.4 Phonetic analysis
Once phonemicity was established based on minimal pairs, the data was further 
phonetically investigated using Praat (Boersma and Weenink 2012).  The formant frequencies 
for each vowel were measured for ten tokens in the context of word finally after [k], with at 
least one token for each of the six tones (see chapter 4 below for more information on the 
tones, and for all of the raw formant frequencies and corresponding tones, see (B.1) in 
Appendix B). These formant frequencies are depicted in (3.5). The formant frequencies were 
then averaged and the means are plotted in (3.6).  
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(3.5) Plot of first and second formant frequencies for vowel phonemes for TS in the context 
word-finally after k and bearing at least one instance of each of the six tones. The dotted 
ellipses denote 1 standard deviation away from the mean, and each symbol represents the 
vowel indicated to its left (except for /o/ which is indicated to the right of the symbol).
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(3.6) Plot of the mean first and second formant frequencies weighed by tone for vowel 
phonemes for TS. All of the average frequencies were weighed by tone, meaning that 
although there were a few more instances of a given tone per vowel, those instances were 
average to yield one value per tonal category. Each value of the six tonal categories were 
then average to obtain the weighed means plotted above. The dotted ellipses denote 1 
standard deviation away from the mean, and each symbol represents the vowel indicated to 
its left.
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The average formant frequencies for the vowels depicted in (3.6) are given below in 
(3.7).
(3.7) Average first and second formant frequencies weighed by tone for each of the vowel 
phonemes as provided by TS
Vowel F1 average (Hz)
Standard 
deviation for 
F1 (Hz)
F2 average 
(Hz)
Standard 
deviation for 
F2 (Hz)
[i] 311.8 25.2 2753.7 56.1
[e] 407.6 23.8 2695.5 23.4
[ɛ] 573.6 44.0 2427.98 145.8
[a] 975.4 39.6 1699.4 91.4
[#] 585.4 30.6 1372.1 21.8
[ɨ] 405.0 36.6 1253.5 271.8
[ɔ] 683.4 43.0 933.7 61.3
[o] 423.4 37.6 787.5 61.0
[u] 340.9 23.6 838.0 100.6
In citation form, all of the vowels appear to have only one distinct allophone. 
Although Jones (1961) noted that there were two allophones for /i/—[ɪ] before checked mid 
and low tones and [i] elsewhere—no such variation was noted for TS’s dialect. The formant 
frequencies for the ten measured vowels for /i/  shown in (3.5) are plotted in (3.8) so that a 
closer look is possible. As seen in (3.8), there is no clear clustering in the instances of /i/ 
(plotted as the filled-in circle). Such a division, if present, would be determined contextually. 
However, different tones did not seem to condition specific allophones, and it appears that 
the variation occurs freely. Although a few of the measured vowels approach /e/, there is no 
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clear clustering within the /i/ category to indicate separate [i] and [ɪ] allophones. All of the 
tones are represented in this figure (see chapter 4 for further details on tone, and (B.1) in 
Appendix B for the tones in each token represented).  As noticeable in (3.8), there is no 
separate clustering for each of the two groups ([i] and [ɪ]), and thus it does not appear that 
there are two conditioned allophones of the phoneme /i/. It is possible, however, that in more 
naturally occurring discourse an allophony pattern would emerge, perhaps conditioned by 
different environments (i.e. different tone groups). The elicitation carried out may have  been 
too restrictive stylistically and contextually to check for such variation. 
(3.8) Plot of the first and second formant frequencies for the ten instances of /i/ measured for 
TS showing no clear categories for conditioned allophony. Three instances with the 
equivalent tones described by Jones (1961) as having the [ɪ] allophone, tones 3 and 4, are 
depicted as the black circles. All other instances (white squares) correspond to tones 1, 2, 5, 
and 6, which according to Jones (1961) have the [i] allophone.
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The phoneme /ɨ/ also shows some variation as to whether it is more forward or 
backward, as noted by the elliptical standard deviation in (3.6), but no pattern conditioned by 
tones was discernible. 
3.3 Vowel system summary
From the data collected from TS, it is possible to determine that there are nine vowel 
phonemes. The vowel phonemes for TS, as shown in (3.9), are very similar to those 
previously found by Lar (2001) and Jones (1961). All of the vowels appear to have only one 
distinct allophone in TS’s dialect, whereas Jones (1961) proposed some allophones, as shown 
in (3.3) above. Lar (2001) did not provide any information on allophones of the vowels. 
(3.9) Vowel phonemes of Sgaw Karen in the dialect spoken by TS
Front Central Back
High i ɨ u
Mid
e
          ɛ #
o
           ɔ
Low a
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CHAPTER 4
TONES
Sgaw Karen is a language with 6 tones. The analysis below starts with a phonological 
description of the tone, focusing on establishing phonemicity, and then proceeds to a 
phonetic analysis, looking at the tonal contour and fundamental frequencies. The findings for 
TS’s dialect of Sgaw Karen are then compared to the other dialects of Sgaw Karen previously  
documented. Lastly, two similar tonal categories (tones 2 and 5) are discussed.  
4.1 Sgaw Karen tonal phonology
The goal of the phonological description is to provide evidence that all of the six 
tones occur in exactly the same phonetic environment, and thus are distinct tonal categories. 
4.1.1 Previous research
Three sources talk about the tones in Sgaw Karen: Jones (1961), Lar (2001), and 
Finkeldey (2011). Jones (1961) and Lar (2001) provide a description of the tones they 
propose, providing minimal sets to prove their phonological status. Finkeldey (2011) 
provides an acoustic analysis of the tones provided by his native speaker consultant (see 
section 4.2.1 below).
Jones (1961) proposes three tonemes for Sgaw Karen—high, mid, and low—each 
with two allotones—one checked and one un-checked by a glottal stop (p9). Using this 
analysis, he provides a description of the tones in Moulmein Sgaw, and presents a brief 
overview of the tones found Bassein Sgaw. The descriptions of the tones as provided by 
Jones (1961) for the Moulmein dialect of Sgaw are listed in (4.1). No description is provided 
for the Bassein dialect tones. Nevertheless, the author provides the comparative tonal contour 
for Moulmein and Bassein Sgaw as reproduced in (4.2). As noticeable from (4.2), Moulmein 
Sgaw has six tones while Bassein Sgaw has five. Jones notes that this difference between the 
two dialects is due to the fact that the Moulmein dialect has two allotones for the high tone, 
[   ́ ] and [   ́ ʔ], whereas in Bassein Sgaw Karen the high toneme only has one unchecked, 
high allotone. 
(4.1) Tones for Moulmein Sgaw as described directly by Jones (1961, p9)
Symbol Height Description
[   ́ ] High high in pitch with a slight rise at the end
[   ́ ʔ] High begins at high pitch and falls to low, accompanied by increasing 
glottal constriction of the vowel
[  ̄  ] Mid mid in pitch with a slight drop at the end
[  ̄  ʔ] Mid mid in pitch, and the vowel is terminated abruptly by glottal closure
[   ̀ ] Low begins slightly lower than mid pitch and falls to low, the drop being 
greater than that of /  ̄  / but not so great as that of /   ́ ʔ/, and is 
accompanied by a somewhat “open” breathy voice quality
[   ̀ ʔ] Low low in pitch; the vowel is terminated abruptly by glottal closure and 
is accompanied by “open” breathy voice quality 
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(4.2) Tone contours for Moulmein Sgaw and Bassein Sgaw as depicted by Jones (1961,p64). 
Moulmein Sgaw has 6 tones while Bassein Sgaw has 5. The difference between the Moulmein 
and Bassein Sgaw is that the Moulmein Sgaw has two allotones for the high tone, [   ́ ] and 
[   ́ ʔ], whereas in Bassein Sgaw the high toneme only has one unchecked, high allotone.
Although Jones (1961) proposes three tonemes each with two allotones (p9),  Lar 
(2001) proposes 6 distinct tonal categories for Yangon Sgaw. Lar (2001) presents four level-
tones: mid-high (44), mid (33), mid-low (22), and low (11), and two contour tones: high 
falling (53) and low falling (31). Lar (2001) notes that low tones are produced with breathy 
voice and contour tones are produced with creaky voice. The tones as proposed by Lar 
(2001) are listed in (4.3), and a helpful tone contour table as provided by the author is 
reproduced below in (4.4). No other descriptions of the tones are provided in Lar (2001). 
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(4.3) Yangon Sgaw tones as provided by Lar (2001, p33-34)
Tonal category Yangon Sgaw phonetic realization IPA example
Sgaw 
orthography Gloss
Mid-high ˦ (44) [ki˦] uH ‘curl’
Mid-tone ˧ (33) [ki˧] uH: ‘sp. insect’
Mid-low ˨ (22) [ki˨] uHO ‘thigh’
Low-tone ˩ (11) [ki˩] uHI ‘marrow’
High Check 4ʔ (53) [ki4ʔ] uH; ‘fruit taste’
Low Check 5ʔ (31) [ki5ʔ] uHP ‘striped’
 
(4.4) Yangon Sgaw tone contours as presented by Lar (2011, p31).
Jones (1961) elicited a minimal set of words that shows the contrast between the 6 
tones he found for Moulmein Sgaw. Lar (2001) provides a comparison between results in 
terms of tones for the minimal set in Moulmein Sgaw as given by Jones (1961) and the 
results in terms of tones for the same minimal set in Yangon Sgaw. This comparison is 
reproduced in (4.5), and presents the equivalent tones found in the same words in the two 
dialects (not necessarily orthographically related tones, as no orthographic data is available 
from Jones (1961)). 
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(4.5) Lar (2001) tones compared to Jones (1961) as described by Lar (2001, p31) 
Yangon Sgaw Moulmein Sgaw
Gloss 
Tonal category Phonetic realization IPA IPA
Mid-high ˦ (44) sɯ˦ sý ‘hand’
Mid-tone ˧ (33) sɯ˧ sȳ ‘far apart’
Mid-low ˨ (22) sɯ˨ sýʔ ‘poison’
Low-tone ˩ (11) t̬#˩ t#̀ ‘ant’
High Check 4ʔ (53) sɯ4ʔ sȳʔ ‘drop with a bang’ 
Low Check 5ʔ (31) sɯ5ʔ sỳʔ ‘baby hammock’ 
Note: Jones (1961) does not provide the written form of these words in Karen script and 
gives no indication of having used written material in the elicitation of the minimal set. 
The last source comes from the unnamed dialect spoken by the informant in the 
Finkeldey (2011) paper. Like Jones (1961) and Lar (2001), Finkeldey (2011) also proposes 
six tones. However, he does not provide a description of the tones or a minimal set. 
Additionally, unlike in Jones (1961) and Lar (2001), it is not clear from Finkeldey (2011) 
whether the tones proposed for their informant are checked or unchecked. 
4.1.2 Data collection
Two kinds of data collection contributed to the phonological analysis: translation and 
written material in Karen script. In order to compare the tones for TS to those elicited by 
Jones (1961) and Lar (2001), words for elicitation were chosen based on their tonal contrast 
from the word lists and minimal sets provided by Jones (1961) and Lar (2001). In (A.3) in 
appendix A is the list of English terms the native speaker consultant was asked to translated 
into Sgaw Karen.  Additionally, the same syllables written in Karen script elicited for the 
vowel analysis were used in the tonal analysis.  The six tones were elicited within the 
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environment of k_# and with each of the nine vowel phonemes, for a total of fifty-four 
syllables. The speaker was asked if these syllables had any meaning, and if they did not, 
whether she could think of a word with that syllable. Some of the syllables did not have any 
meaning and the speaker could not think of a word with that syllable. Mostly, however, the 
native speaker consultant was able to provide sets of words with syllables she judged had the 
same tone. A list of these words and their glosses are provided in section 4.1.4 below. 
4.1.3 Data analysis
The tones for the phonological analysis were analyzed using a combination of the 
native speaker consultant’s judgements and confirmation from spectrographic analysis. Pairs 
of the words were provided to the speaker and she was asked whether she thought the 
“song” (her term for tone) was the same or not, along with confirming the differing meanings 
of the words based on a difference in “song.” Additionally, the spectrograms were visually 
inspected to confirm that the tones had a different contour (for a more detailed explanation of 
the phonetic analysis, see section 4.2.3 below). 
4.1.4 Phonological analysis
As previously found, there are six distinct tones in TS’s dialect of Sgaw Karen. All of 
the tones were compared in word-final environment after /k/ with all possible vowel 
phonemes. The list of words with the contrasting syllables are given in (4.6) below. The 
superscript numbers indicate the tone of the syllable (1-6) preceding it. A period (.) marks 
syllable boundaries. Four of the polysyllabic words did not have the syllables in the word-
final context and are marked by an asterisk (*) to denote this. 
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(4.6) List of words with the contrasting syllables for the tones in the context of k__#
Tone 1: [ka1] ‘car’ ; [t#4.ki1] ‘curly’ ; [k#1] ‘lever’ ; [kɨ1] ‘head-basket’ ; [ku1] ‘to wear 
  (below the waist)’; [ke1] ‘rapids’ ; [kɛ1] ‘can (do something)’ ; [#4.t#4.ko1] 
  ‘empty’ ; [kɔ1] ‘hard to do’ 
Tone 2: [kaʔ2] ‘broken’ ; [ʔ#ʔ4.kiʔ2] ‘(bone) marrow’ ; [k#ʔ2] ‘lazy’ ; [kɨʔ2] ‘slave’ ; 
  [kuʔ2] ‘the thought of getting back at someone’ ; [ma6.t#4.keʔ2] ‘to ask (to do 
  something)’ ; [koʔ2] ‘hot’ ; [tʰi1.kɔʔ2] ‘country’
Tone 3: [ki3] ‘beetle larva’ ; *[k#3.xa3] ‘to keep in the family’ ;  [ku3] ‘to fell a tree’ ; 
   [tʃo1.pa1.kɔ3]  ‘rooster’ 
Tone 4: [kaʔ4] ‘nuclear’ ; [kiʔ4] ‘almost bitter taste (water tastes sweet after it)’ ; [kɨʔ4] 
  ‘hump (on back, as with an elderly person)’ ; [kuʔ4] ‘to harvest using a 
  scythe’ ; [kɛʔ4] ‘to yell’ ; [koʔ4] ‘to call’ ; [kɔʔ4] ‘to call’  
Tone 5: [ma6.kaʔ5] ‘revenge’ ; *[kiʔ5.xe1] ‘spotted, splotchy’ ; *[k#ʔ5.ne3] ‘riverbank’ ; 
  *[taʔ2.kuʔ5.ɓaʔ5.kuʔ5.θe1] ‘education’ ; [keʔ5] ‘not straight (winding or 
  zigzag)’ ; [kɛʔ5] ‘to strangle neck’ ; [koʔ5] ‘bread (marker for baked goods)’ ; 
  [kɔʔ5] ‘glue’ 
Tone 6: [ka6] ‘not a lot’ ; [t#.ki6] ‘earwig’ ; [kɨ6] ‘mushroom’ ; [ku6] ‘bunch (as 
  of flowers or grapes)’ ; [ke6] ‘to go back where you came from’ ; [m#5.ʔu1.kɛ6] 
  ‘the fire (on something burning, like wood)’ ; [ko6] ‘hard (not soft) ; 
  *[t#4.kɔ6.θaʔ5] ‘eggplant’ 
Additional minimal pairs and sets for tones that surfaced during elicitation can be 
found in list (4.7) below. Although these additional words were not originally part of the 
elicitation materials, they were mostly offered by the speaker as she was showing the author 
how to pronounce the sounds. TS judged these words in pairs and determined they had a 
different “song.” The words in (4.7) are presented to further illustrate the contrast between 
the six tonal categories.
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(4.7) List of additional minimal pairs and minimal sets demonstrating the contrast between 
the six tonal categories in TS’s dialect of Sgaw Karen
Set Tones compared Transcript Gloss
1 2,6
leʔ2 ‘wide’
le6 ‘to go’
2 2,5
mɛʔ2 ‘tail (as of an animal)’
mɛʔ5 ‘sand’
3 5,6
nɪʔ5 ‘year’
ni6 ‘to laugh’
4 1,5
la.he1 ‘green’
heʔ5 ‘to give’
5 1,5
tʰi1 ‘water’ or ‘country’ 
tʰɪʔ5 ‘to see’
6 1,5
θwi1 ‘nest (as of a bird)’
θwɪʔ5 ‘blood’
7 1,5
θu1 ‘black’
θuʔ5 ‘liver’
8 1,5
pa1 ‘father’
paʔ5 ‘wheel’ 
9 1,4,5
θa1 ‘to breathe’
θaʔ4 ‘heart’
θaʔ5 ‘fruit’
10 1,4,5
sʰa1 ‘to hurt or ache’
sʰaʔ4 ‘to sew’
sʰaʔ5 ‘star’
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(4.7) (continued)
Set Tones compared Transcript Gloss
11 1,4,5
tʰɔ1 ‘tall’
tʰɔʔ4 ‘pig’
tʰɔʔ5 ‘to climb’
12 1,2,4,5
θiʔ4 ‘alcohol’
θiʔ2 ‘comb’
θiʔ5 ‘crop rotation field’ or ‘burn field’
θi1 ‘to die’ 
13 1,2,4,6
t#1 ‘one (number)’
t#6 ‘to throw’
t#ʔ2 ‘ant’
t#ʔ4 ‘concrete building’
14 1, 2,3,5
wa1 ‘white’
wa3 ‘to scratch’
waʔ2 ‘bamboo’
waʔ5 ‘over (as over the river or road)’
15 1,3,6
wi1 ‘to carry on the head’
wi3
‘to screw on (as cap of bottle) or to 
tighten’
wi6 ‘to finish’
16 1,3,5
ma1 ‘wife’
ma3 ‘son-in-law’
maʔ5 ‘mistake’ or ‘crocodile’
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From the list of words for each tone in (4.6) and the list in (4.7) above, it is possible 
to determine that there are six distinct tonal categories in TS’s dialect of Sgaw Karen. 
4.2 Sgaw Karen tonal phonetics
When looking at the tones, inspecting the fundamental frequency, or pitch, throughout 
the tone yields information about its contour and how it changes. It can also point to 
differences in voicing quality or other phonetic characteristics inherent to the tone. This 
section of the chapter explores the acoustic characteristics of the six tonal categories 
identified above. The tones in TS’s dialect are compared to each other in terms of contour, 
start and end frequencies, and voice quality. Additionally, the vowel length with each tone is 
briefly investigated. 
4.2.1 Previous research
The three sources that discuss the tones in Sgaw Karen are Jones (1961), Lar (2001), 
and Finkeldey (2011). Jones (1961) and Lar (2001) do not explicitly state that they 
acoustically investigated the tones, but they do provide a description of the tones they 
propose (as seen in section 4.1.1 above). Finkeldey (2011) is the only source that provides an 
acoustic analysis of the tones provided by his native speaker consultant for an unnamed Sgaw 
Karen dialect. Like Jones (1961) and Lar (2001), Finkeldey (2011) also proposes six tones. 
He provides acoustic measurements for the tones in their descriptions, as reproduced in (4.8). 
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(4.8) Tones as described by Finkeldey (2011) for an unnamed Sgaw Karen dialect 
Tone F0 height contour Voice quality Duration Hz of onset and offset
1 High-rising Modal Long Onset: 122Offset: 124
2 High-falling Breathy Long Onset: like tone 1Offset: 113
3 Low Creaky Long Onset: 115Offset: about 105
4 Low Creaky Short Onset: 116Offset: about 105
5 Low Modal/creaky Long Onset: 117Offset: about 105
6 Mid Breathy Long Onset: like tone 2Offset: higher than tone 2
Note: the frequency of the onset and offset were not part of the original table and were added 
based on the description given in the text of the paper. 
In (4.9) is reproduced the mean tonal contours from Finkeldey (2011). The range at 
the tone offsets (measurement point 10) is 20Hz. All of the syllables were elicited in a 
sentence frame and not in citation form, as in the present study. Unlike in Jones (1961) and 
Lar (2001), it is not clear from Finkeldey (2011) whether the tones proposed for his 
informant are checked or unchecked. 
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(4.9) Mean fundamental frequency for each tone as given by Finkeldey (2011, p.32) for  a 
male native speaker consultant. Each syllable was sliced into ten equal slices, at which 
points the pitch was measured using Praat (Boersma and Weenink 2010). About 24 syllables 
for each tone was averaged for this plot. 
4.2.2 Data collection
The syllables collected for the tonal phonetic analysis were the same used in the 
vowel phonetic analysis (see section above). All of the syllables for tonal analysis were 
collected in citation form from the written Karen syllables in the appendix table A.2.  
Flashcards in Karen script representing all of the possible combinations of the six tones with 
the nine vowels occurring after the letter က, corresponding to the sound [k],  were presented 
individually to the native speaker consultant. All kV+tone syllables were elicited in isolation 
for the tonal phonetic analysis, even if they produced a non-existent Karen word.
4.2.3 Data analysis
As with the vowel analysis, Praat (Boersma and Weenink 2012) was used to analyze 
tones. Only the kV+tone syllables were used in the phonetic tonal analysis (no other minimal 
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pair or set was included in the analysis). Once the vowels were demarcated in a Textgrid (see 
section 3.2.2 above for description), a Praat script extracted the intervals of the long sound 
file labeled in the specified Textgrid tier and saved them as individual .wav sound files 
(Lennes 2002). After all extracted vowels were then opened in Praat, another Praat script was 
used to extract the pitch contour using the pitch settings specified in (4.10). Lastly, another 
Praat script was used to extract the pitch contours of the syllables after it had been split into 
20 equal intervals. The average and its standard deviation for each tone was then calculated. 
(4.10) Pitch settings in Praat (Boersma & Weenink 2012) for tonal analysis of kV+tone 
syllables produced by TS .
Setting Value
Start of pitch range 120 Hz
End of pitch range 300 Hz
Analysis method Autocorrelation
Drawing method Automatic
Although the tone categories were not weighed in this instance—as shown by (4.11) 
which reports the number of syllables with each vowel measured for pitch to reach the 
unweighed average tones seen in (4.13)—in future research it is advisable that average tones 
be weighed by vowel, as the pitch for each vowel can vary not because of tone but because of 
the vowel itself (Peterson & Barney  1954). Although all syllables were elicited, background 
noise made the pitches for syllables with [e] and tone 3 unusable and they had to be thrown 
out. 
38
(4.11) Number of measurements per vowel per tone for the calculation of the average tones in 
(4.13)
Vowel 
(IPA)
Tones
1 2 3 4 5 6
a 1 1 1 2 2 2
i 1 1 2 1 1 2
# 1 1 2 2 1 2
ɨ 1 1 2 2 1 3
u 1 1 2 2 1 1
e 1 1 0 2 2 2
ɛ 1 1 1 1 1 2
o 1 1 1 2 1 1
ɔ 1 1 1 1 1 1
Total 9 9 12 15 11 16
Additionally, the vowel duration was analyzed in the same way as the tones. Although 
in the future it is best to take into account the number of vowels measured for each vowel 
category so that all of the vowel categories contribute the same, in a comparison between two 
tones, each tone had the vowel duration measurements per vowel as given in (4.12). 
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(4.12) Number of measurements per vowel per tone for the calculation of the average vowel 
duration
Vowel 
(IPA)
Tones
1 2 3 4 5 6
a 2 2 2 3 3 3
i 2 2 3 2 2 3
# 3 3 3 3 2 2
ɨ 2 2 3 3 3 3
u 3 3 4 4 3 3
e 3 3 2 4 4 4
ɛ 3 3 3 3 3 4
o 2 2 2 3 2 2
ɔ 3 3 3 3 3 3
Total 23 23 25 28 25 27
4.2.4 Phonetic analysis
The phonetic analysis of the tones began with plotting the average contour tones of 
the elicited syllables (see (4.11) for distribution of vowels in the tokens averaged). The 
outlier and higher average deviations occurred within the first or last one to two slices (i.e. 
the first and last 5-10% of the vowel). This observed larger variation was likely due to 
coarticulatory effects with the consonant in the first and last 5-10% of the vowel. The black 
box in (4.13) indicates the ‘start’ and ‘end’ of the tones without taking into account the first 
and last 10%, so as to avoid co-articulatory effects.
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(4.13) Average F0 contour for all tones for TS unweighed by vowel. The black box indicates 
the area considered, from the start at 10% to end at 90% of the time (in order to avoid 
coarticulation effects). The average standard deviation for the tones from time slice 3 to time 
slice 18 ranged from 4Hz to 34Hz.
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When graphed on top of each other, tones 2 and 5 appear very similar, as seen in 
(4.13). However, a minimal pair was identified by TS for tone 2 versus tone 5 respectively: 
[θiʔ2] ‘comb’ and [θiʔ5] ‘shifting cultivation field6’ (see section 4.3 below)
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6 The speaker could not find an equivalent English word for the place that the Sgaw Karen word denotes. [θiʔ] 
with tone 5 was described by the speaker as a field where you plant for a season and then leave for a few years, 
perhaps returning later to plant. Before you plant, you clear the area with fire. Hence, the author has glossed it 
as ‘shifting cultivation field,’ although a more appropriate English term may exist. 
Three of the tones appear to end in a glottal stop, while three do not. Tones 2, 4, and 5 
are checked and appear to be accompanied by creaky voice in most instances, especially 
towards the end when it approaches the glottal stop. Tones 1, 3, and 6 are unchecked. Tone 1 
appears to be produced with modal voicing. Tones 3 and 6 are accompanied by an audibly 
breathy voice quality, and if produced without the breathiness are rejected by the native 
speaker consultant. Tone 3 is produced with breathy voice most of the time, while tone 6 is 
virtually always produced with breathy voice. The voicing for each tone was determined 
based on visual analysis and auditory perception. Tone 1 is modal voicing, and the 
spectrogram does not show any breathiness (as would be indicated by additional aperiodic 
airflow seen as gray in the background and as a non-smooth line in the waveform) or 
creakiness (as would be indicated by irregular glottal pulses or arrowheads on the waveform). 
Beyond inspecting the spectrogram, the author relied on auditory impression to judge 
whether a token was produced with modal voicing, breathy voice, or creaky voice, as the 
latter two were very apparent auditorily. 
An example of a wide-band spectrogram of each of the types of voicing is shown 
below in (4.14) to (4.16).  First, the modal voicing in the syllable [kɔ1] for tone 1 is shown in 
(4.14). 
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(4.14) Example of modal voicing in the syllable [kɔ1]. The lack of arrow heads at the end of 
the waveform indicate it is not creaky voice, and the lack of additional grayness in the 
background of the spectrogram or ‘burst’ of air at the end indicates it is not breathy voice. 
The clearest distinction between modal voicing and breathy and creaky voice is audible and 
not really visible, although the waveform for modal voicing seems to taper off smoothly at the 
end in monosyllables.
A breathy voice quality was identified for tones 3 and 6. In (4.15) is depicted an 
example of breathy voice quality in the syllable the syllable [kɔ6] .The waveform, seen in 
(4.15), shows breathiness with increasing irregularities highlighted in grey. The spectrogram 
itself shows a little breathiness in that the background has more random frequencies depicted 
(seen as increased grayness in the background, looking like slight aspiration during the 
vowel). Moreover, the breathiness occurs towards the end of the vowel with an audible (more 
than visible) burst of breath. 
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(4.15) Example of breathy voicing in the syllable [kɔ6]. The ‘burst’ of breathiness that is very 
audible is highlighted in grey, and is somewhat visible in the waveform. This differs from the 
modal voicing for which the waveform is uniformly tapering off at the end as seen in (4.14).
A creaky voice quality was identified for tones 2, 4, and 5. The creaky voicing is 
exemplified in (4.16) with the syllable [kɔ4]. The creakiness is visible at the end with the 
arrowheads in the waveform and the visible glottal pulse in the spectrogram. Furthermore, 
the creakiness is clearly audible in the highlighted area, although not as clearly visible. In the 
highlighted area of the waveform there is a visible change from before with the start of the 
two arrowheads. 
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(4.16) Example of creaky voicing in the syllable [kɔʔ4]. The creakiness is highlighted in the 
waveform. The glottal pulses associated with creakiness are visible in the spectrogram.
Looking at the tones without the potential articulatory effects from the preceding and 
following contexts (Hombert et al 1979 ; Moreton 2008), there appear to be two high-falling 
tones (2 and 5), one mid-level tone (1), one mid-falling tone (4), one low-level tone (3), and 
one low-rising tone (6). In (4.17) the average start and end F0 for all tones are presented. Start  
frequency was taken at slice 3 (10%) and end frequency at slice 18 (90%) in order to 
minimize potential co-articulatory effects with neighboring sounds. The glottal stop beside 
the tone number denotes checked tones. The labels high, mid, and low were assigned as 
labels relative to the observed values, and likely bear little resemblance to the same labels 
used in Jones (1961), Lar (2001), and Finkeldey (2011). The categories were assigned 
visually based on three observable groupings in (4.13): high (H) above 230Hz, mid (M) 
below 230 Hz and above 200 Hz, and low (L) below 200Hz. 
45
(4.17) Average start and end fundamental frequencies for all tones for TS.
Tone 
Start End 
Description Voice 
quality
SgawKaren 
orthographyF0 (Hz) Label F0 (Hz) Label
1 207.2 M 214.1 M Mid-level Modal
2ʔ 244.3 H 141.7 L High-falling Creaky -I
3 192.6 L 181.3 L Low-level Breathy -P
4ʔ 204.9 M 159.8 L Mid-falling Creaky -;
5ʔ 232.9 H 149.7 L High-falling Creaky -O
6 192.2 L 238.7 H Low-rising Breathy -:
Note: These average frequency values are unweighed by vowel. 
As visible in (4.17), there are three checked tones and three un-checked tones in TS’s 
dialect. In the literature of previously described dialects of Sgaw Karen, the checked tones 
are said to end in a glottal stop (i.e. a closed syllable with the glottal stop in the coda 
position), whereas the un-checked tones do not end in a glottal stop (i.e. are part of open 
syllables) (see Jones 1961; Lar 2001). Although previously the glottal stop has been 
considered as a coda separate from the tone by Jones (1961) who states that /ʔ/ is “the only 
phoneme which may occur in postvocalic position” (p10) and who proposes three tonemes 
with two allotones (one checked and one unchecked), in TS’s dialect, the glottal stop behaves 
as part of the tone, as it was only observed as occurring with tones 2, 4, and 5. Thus, the 
glottal stop in TS’s dialect is not occurring as a segment separate from the tone, but rather as 
a characteristic of the tonal category itself. This analysis does not seem inconsistent with the 
tonogenesis for Sgaw Karen proposed by Manson (2009), as the glottal stop could have 
become a part of the tone instead of a segment of the syllable. Manson’s hypothesis was that 
specific types of syllable-initial consonants were crucial to conditioning the pitch of the 
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following vowels, eventually leading to specific patterns of tonogenesis. In particular, 
Manson describes the pattern created by the three series of stops present in proto-Karen—
aspirated, voiceless and implosive, and voiced—leading to a two-way or three-way tonal split  
depending on the Karen language. Manson (2009) states the the development of tones in 
Karen languages began with a three-way distinction in open syllables (*A, *B, *B’), and 
closed syllables (*C). From these proto-tones, Karen languages developed their tonal 
systems. While Manson (2009) did not provide his reason for thinking that the glottal stop /ʔ/ 
was a phoneme and not part of the tone, in his analysis he calls some of the tones “open” 
while others are “closed.” On of the reconstructed proto-tones, *C, is described as “only 
[occurring] with stop final syllables” (Manson 2009, p16), indicating that in Manson’s 
analysis the glottal stop is a part of the coda and not part of the tone. As far as Manson’s 
discussion on tonogenesis is concerned, it appears that what this means for the phoneme 
today is that in Sgaw Karen some syllables have tones that are “closed” (i.e. have a glottal 
stop as a coda) and some are “open” (i.e. no coda glottal stop).  However, in the data 
observed for TS no evidence was found suggesting that the glottal stops occur in the coda 
position without tones 2, 4, 5, all of which are produced with creaky voicing most of the 
time. Thus, the glottal stop was taken to be a feature of the tone and not of the syllable. Data 
with different kinds of voicing (not creaky) and glottal stops after the vowel would be 
necessary to determine that glottal stops for TS do, in fact, occur as codas. However, from the 
data available it is possible to conclude that the glottal stop occurring after the vowel is not a 
separate segment, but rather a characteristic of the tone.
47
Beyond the characteristics of each tone being explored, the tonal groups were 
statistically compared to each other using a two-tailed, unequal variance t-test in order to 
determine whether they were significantly distinct in terms of start and end frequencies. The 
middle portions of the tones were not analyzed because many of them intersected, the 
contours would not have been apparent from such analysis, and no more relevant information 
would be gained from looking at the entire tone than looking at just the start and end. In 
(4.18) are shown the average tones used in the comparison, along with the standard 
deviation, and the minimum and maximum pitch in each category for the start values. The 
number of observations refers to the number of syllables measured for the tone (see (4.11) for 
distribution of measurements by type of vowel). In (4.19) is presented the same information 
for the end values. Each of the average frequencies contains at least one token of each of the 
nine vowels (except for the start and end frequencies of tone 3, for which the token of [e] had 
to be excluded). 
(4.18) Average start tones with standard deviation, number of observations measured, and 
maximum and minimum pitch for all tonal categories in TS’s dialect. 
Tone
Average start 
(Hz)
Standard 
deviation (Hz)
Total number of 
observations 
measured
Maximum 
pitch (Hz)
Minimum 
pitch (Hz)
1 207.195 9.0601237 9 220.657 190.441
2 244.335 10.4550262 9 255.450 222.520
3 192.646 8.4719665 12 207.393 180.122
4 204.908 10.9138169 15 229.710 192.211
5 232.899 16.6755852 11 260.897 203.821
6 192.173 17.8459198 16 234.998 168.778
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(4.19) Average end tones with standard deviation, number of observations measured, and 
maximum and minimum pitch for all tonal categories in TS’s dialect.
Tone
Average end 
(Hz)
Standard 
deviation (Hz)
Total number of 
observations 
measured
Maximum 
pitch (Hz)
Minimum 
pitch (Hz)
1 214.082 9.9034789 9 225.719 195.178
2 141.690 3.7735635 9 150.689 137.759
3 181.315 12.1752979 12 202.163 164.005
4 159.826 10.6342526 15 172.247 142.875
5 149.744 17.7671936 11 170.998 125.962
6 238.677 33.8613687 16 272.865 158.473
In (4.20) and (4.21) are given the results of the comparison between the average start 
and end frequencies of six tonal categories to each other using a two-tailed t-test. In both 
tables, the estimate value refers to the subtraction of the average frequencies (i.e. in A vs B, 
the estimate is equal to A minus B). Additionally, the standard error, the t-value, and the 
probability (p-value) are given in the table. In (4.20) it is possible to see that all tones differ 
significantly in the start frequencies with respect to each other except for: tones 1 and 4, 
tones 2 and 5, and tones 3 and 6. 
49
(4.20) Comparison using a two-tailed t-test between the average start frequencies of all six 
tones for TS. 
Tones being 
compared Estimate (Hz)
Standard 
Error t value
Probability 
(p-value)
1 vs 2 -37.1403333 6.23505013 -5.96 <.0001**
1 vs 3 14.5484167 5.83235535 2.49 0.0151*
1 vs 4 2.2866000 5.57679838 0.41 0.6831
1 vs 5 -25.7040303 5.94488704 -4.32 <.0001**
1 vs 6 15.0220208 5.51105779 2.73 0.0082*
2 vs 3 51.6887500 5.83235535 8.86 <.0001**
2 vs 4 39.4269333 5.57679838 7.07 <.0001**
2 vs 5 11.4363030 5.94488704 1.92 0.0587
2 vs 6 52.1623542 5.51105779 9.47 <.0001**
3 vs 4 -12.2618167 5.12261641 -2.39 0.0195*
3 vs 5 -40.2524470 5.52106880 -7.29 <.0001**
3 vs 6 0.4736042 5.05096790 0.09 0.9256
4 vs 5 -27.9906303 5.25038208 -5.33 <.0001**
4 vs 6 12.7354208 4.75358685 2.68 0.0093*
5 vs 6 40.7260511 5.18050092 7.86 <.0001**
Note: Asterisks indicate significant difference (i.e. the tones start at significantly different 
frequencies), with one asterisk indicating significance at the 95% confidence level (p<0.05) 
and two asterisks indicating significance at the 99.99% confidence level (p<0.001). No 
asterisks indicate that the tones do not start at significantly different frequencies.
In (4.21) it is possible to see that most tones differ significantly in the end frequencies 
with respect to each other except for: tones 2, 4, and 5, and tones 3 and 4. All other tone 
combinations differ significantly in terms of the end frequency.
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(4.21) Comparison using a two-tailed t-test between the average end frequencies of all six 
tones for TS.
Tones being 
compared Estimate (Hz)
Standard 
Error t value
Probability
(p-value)
1 vs 2 72.3917778 10.1023778 7.17 <.0001**
1 vs 3 32.7666667 11.2948017 2.90 0.0057*
1 vs 4 54.2560000 11.2948017 4.80 <.0001**
1 vs 5 64.3383333 11.9532946 5.38 <.0001**
1 vs 6 -24.5954167 8.9293248 -2.75 0.0085*
2 vs 3 -39.6251111 11.2948017 -3.51 0.0010*
2 vs 4 -18.1357778 11.2948017 -1.61 0.1153
2 vs 5 -8.0534444 11.9532946 -0.67 0.5039
2 vs 6 -96.9871944 8.9293248 -10.86 <.0001**
3 vs 4 21.4893333 12.3728354 1.74 0.0893
3 vs 5 31.5716667 12.9767392 2.43 0.0190*
3 vs 6 -57.3620833 10.2590132 -5.59 <.0001**
4 vs 5 10.0823333 12.9767392 0.78 0.4413
4 vs 6 -78.8514167 10.2590132 -7.69 <.0001**
5 vs 6 -88.9337500 10.9798022 -8.10 <.0001**
Note: Asterisks indicate significant difference (i.e. the tones end at significantly different 
frequencies), with one asterisk indicating significance at the 95% confidence level (p<0.05) 
and two asterisks indicating significance at the 99.99% confidence level (p<0.001). No 
asterisks indicate that the tones do not end at significantly different frequencies.
Overall, the tables in (4.20) and (4.21) demonstrate that all tone pairs differ 
significantly in at least one of the two (start or end) average frequencies. The exceptions are 
tones 2 and 5, which do not differ significantly at the 95% confidence interval either in the 
start frequency (p=0.058) or the end frequency (p=0.503). This is most visible in the graphic 
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shown in (4.22) in which a comparison between the start frequency (S) and end frequency 
(E) for the six tones is depicted. 
(4.22) Results of two-tailed t-test comparing TS’s tones to each other (A vs B)
B
2 3 4 5 6
S E S E S E S E S E
A
1 ** ** * * — ** ** ** * *
2 ** * ** — — — ** **
3 * — ** * — **
4 ** — * **
5 ** **
 Note: one asterisk (*) denotes significant at the 95% confidence interval and two 
 asterisks (**) denote significance at the 99% confidence interval. The square to the 
 left corresponds to average start frequency (S) and the square to the right corresponds 
 to average end frequency (E) . A dash (—) indicates no significant difference between 
 the two tones in terms of the average frequency (either start or end). All start 
 frequencies were compared to start frequencies, and all end frequencies were 
 compared to end frequencies. A start frequency was never compared to an end 
 frequency and vice versa. 
4.2.5 Comparison of TS tones with those found in previously studied dialects of Sgaw 
Karen
Now that the average start and end frequencies of the tones have been compared to 
each other within the speaker, it would be possible to compare them to those of a different 
dialect.  However, this comparison cannot be presently achieved. The only source that offers 
frequency measurements is Finkeldey (2011), and it is not possible to make a comparison 
between the tones found for TS and those found by Finkeldey in terms of fundamental 
frequency because Finkeldey collected data from a male speaker, so the observed tones were 
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in general much lower than those measured for TS. Additionally, Finkeldey elicited his words 
in frame sentences, which leaves open the potential for tone interaction, while the syllables 
used in the present investigation were elicited in citation form to avoid any tone interaction. 
Nevertheless, an observation can be made about the size of the range of fundamental 
frequency observed in the measurements. The range for Finkeldey’s speaker was only 20Hz 
between the highest and lowest frequencies, whereas the range for TS is much higher, at 
about 103 Hz between the lowest and highest average F0 point measured. In the data in 
Finkeldey (2011), it is a distinct possibility that there was tone interaction between the 
syllable of interest and the neighboring syllables, which could have affected the observed F0  
frequencies. Consequently, citation form data would be needed in order to make a clear 
comparison with the tones found for TS, since the data for TS was elicited in citation form. 
Lastly, since neither Jones (1961) and Lar (2001) provide fundamental frequency measures 
and ranges, it is difficult to determine how these finding compares to their observations. 
Nevertheless, it is possible to make a comparison to Yangon Sgaw (Lar 2001) , 
Moulmein Sgaw (Jones 1961), and Bassein Sgaw (Jones 1961) based on the phonetic 
descriptions for the tones in these dialects and wordlists the authors provide. An etymological 
comparison between the tones is thus possible, as items that had been previously elicited for 
analysis in the three other Sgaw Karen dialects were also elicited from TS .
Beginning with Yangon Sgaw, a comparison between it and the native speaker 
consultant’s dialect is possible through the minimal set provided by Lar (2001) in the table 
shown in (4.3) above. A combination of translation and Karen script words were used to elicit 
this set to ensure that the same words in Yangon Sgaw were reproduced by TS. The responses 
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provided by TS for each item are illustrated in (4.23).  Only the relevant syllable is shown7, 
and the tone is marked by the superscript. Some of the glosses for TS differed slightly from 
the glosses provided by Lar (2001), as evident in the last column in (4.23). 
(4.23) Comparison of TS’s tones to Yangon Sgaw (YS) tones based on the minimal set 
provided by Lar (2001)
Sgaw 
ortho- 
graphy
YS (Lar,  2001) TS 
Tonal category IPA Gloss Tonal category IPA Gloss
uH Mid-high ki˦ ‘curl’ Mid-level ki1 ‘curly’
uHI Low-tone ki˩ ‘marrow’ High-falling kɪʔ2 ‘bone marrow’
uHP Low Check ki5ʔ ‘striped’ Low-level ki3 ‘beetle larva’
uH; High Check ki4ʔ ‘fruit taste’ Mid-falling #kɪʔ4 ‘almost bitter taste’
uHO Mid-low ki˨ ‘thigh’ High-falling kɪʔ5 ‘spotted/splotchy’
uH: Mid-tone ki˧ ‘sp. insect’ Low-rising ki6 ‘earwig’
When compared to Yangon Sgaw (Lar 2001), TS’s tone 1 is most like YS mid or mid-
high tones. Tones 2 and 5 are checked and resemble YS high-checked contour tone. Tone 3 is 
a low level tone and most resembles YS mid-low or low tones, and it even appears to have 
the breathy voice quality described by Lar (2001) in low tones. Tone 4 is similar to YS low-
checked contour tone. Tone 6 is unlike any of the tones described by Lar (2001) or any other 
source. 
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7 For a complete transcript of the word, see list in (4.6) above
It is also possible to compare TS’s dialect to Moulmein Sgaw and Bassein Sgaw 
(Jones, 1961) through etymologically related words. For Bassein Sgaw, it is difficult to make 
a comparison between the tones. Moulmein Sgaw (MS), like he dialect of Sgaw Karen 
spoken by TS, shows six tones; Bassein Sgaw (BS), however, only has five tones (see image 
in (4.2)). Since the author does not provide a description of BS tone and only shows the 
contour, the comparison is made only through the tone diacritics, which are assumed to 
correlate to the description of those used for MS. A comparison with the minimal set 
provided by Jones (1961), as shown in (4.24), was not possible due to the native speaker 
consultant not having the same translations from the English word into Sgaw Karen for all of 
the items (and the Karen script word for the glosses was not provided by Jones (1961)). 
However, based on the word lists provided by Jones for both MS and BS, a comparison was 
made among words transcribed by the author for which TS had the same translation from the 
English term into Sgaw Karen (written Karen script was not used to elicit these words). The 
resulting comparison is shown in (4.24). The same words were found in Lar (2001)’s wordlist 
for Yangon Sgaw, and their transcriptions were added to the table for further comparison to 
this dialect. 
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(4.24) Comparison of TS tones with Moulmein, Bassein, and Yangon tones 
Gloss
TS MS BS YS
IPA Tonal category IPA
Tonal 
category IPA
Tonal 
category IPA
Tonal 
category
‘to die’ θi1
Mid-
level θí
High θí High t̪i˦ Mid-high
‘poison’ sɨʔ5
High-
falling sýʔ
High-
checked sỳ Low sɯ˨
Mid-
low
‘hot’ koʔ2
High-
falling kò
Low kò Low k̬o̤˩ Low-tone
‘son-in-
law’ ma
3 Low-
level màʔ
Low-
checked màʔ
Low-
checked ma5ʔ
Low 
checked
‘rice’ me6
Low-
rising mē
Mid mē Mid me˧ Mid-tone
‘heart’ θaʔ4
Mid-
falling θāʔ
Mid-
checked θāʔ
Mid-
checked t̪a̰4ʔ
High 
checked
 Note: TS refers to the dialect spoken by the native speaker consultant in this project. MS 
refers to Moulmein Sgaw (Jones 1961), BS refers to Bassein Sgaw (Jones 1961), and YS 
refers to Yangon Sgaw (1961). 
The only difference in the transcribed tones between MS and BS above is in the word 
for ‘poison,’ for which MS has a high-checked tone and for which BS has a low-unchecked 
tone (the high-checked tone is absent in the BS dialect). When compared in terms of 
etymologically related words and tone shapes to Moulmein Sgaw, tone 1 is similar to MS 
mid-unchecked tone, but there is no slight drop at the end as Jones (1961) describes. Tones 2 
and 5 are similar to MS high-checked tone, even in contour and voicing, which Jones (1961) 
describes as high-falling and somewhat creaky, respectively. Tones 3 and 6 do not appear to 
resemble any of the tones described by Jones (1961) for MS in terms of shape. Nevertheless, 
like the low tones described by Jones (1961), the low-starting tones 3 and 6 are produced 
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with breathy voice. Tone 3 corresponds through etymological comparison to MS low-
checked tone, and tone 6 corresponds to MS mid-unchecked tone. However, the contours of 
these two tones for TS are unrelated to those for the corresponding tones in MS as provided 
by Jones (1961) in (4.2) above. 
A comparison with the BS tones is difficult because Jones (1961) does not provide a 
description for them. From the contours (see (4.2) above), it is possible to discern that the 
tones as produced by TS are different from those found in BS, particularly tone 6 which is a 
rising tone, and no rising tone is seen in BS. Tones 2 and 5 also do not resemble any tones 
found in BS, as they are falling tones. However, from the etymological comparison, tones 2 
and 5 correspond to the low-unchecked tone in BS, tone 1 corresponds to the high-unchecked 
tone, tone 3 corresponds to the low-checked tone, tone 4 corresponds to mid-checked tone, 
and tone 6 corresponds to the mid-unchecked tone. 
4.2.6 Vowel duration 
While this matter is still controversial, some perceptual experiments have found that 
listeners perceive vowels with dynamic fundamental frequencies (such as contour tones) as 
longer than vowels with level fundamental frequencies (Wang et al. 1976; Yu 2007; Lehnert-
LeHouillier 2007).  Wang et al. (1976) found that listeners perceive vowels as longest in 
rising tones, followed by falling tones, and lastly level tones, which were perceived as the 
shortest. Lehnert-LeHouillier (2007), on the other hand, found in a cross-linguistic study 
involving native speakers of Thai, German, Japanese, and Spanish that the lengthened 
perception of vowels with dynamic fundamental frequencies may be more prevalent in 
languages which associate dynamic F0 with longer vowel duration (such as English). 
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Whatever the correlation between a changing F0 and vowel duration, the rising tone 6 in TS’s 
dialect was noted as perceptually longer throughout the work with the native speaker 
consultant before and during this project. For this reason, the vowel duration for the tones 
was explored, and it was found that the rising tone 6 is not in fact any longer than tone 1 (a 
high-level tone), according to a two-tailed t-test (p=0.1278). 
In terms of vowel duration, there appear to be 4 distinct categories in length for 
syllables elicited in citation form, based on statistical analysis. The mean vowel length by 
tone in citation form syllables with standard deviations, and maximum and minimum vowel 
lengths are given in (4.25). The number of observations per vowel for each tone category 
varied (as seen in (4.12) above). The fact that the number of vowels measured for each type 
of vowel differs means that it is possible that the observed categories are due to differing 
vowel tokens. 
(4.25) Vowel length by tone for TS for syllables elicited in citation form
Tone N Obs Mean (s) Std Dev (s) Min (s) Max (s)
1 23 0.5251699 0.0816483 0.3504676 0.6691828
2 23 0.3167192 0.0743365 0.1883265 0.4395301
3 25 0.3932088 0.0563945 0.2647637 0.4693567
4 28 0.2544422 0.0768108 0.1632612 0.5777033
5 25 0.3119452 0.0529016 0.2002624 0.4310983
6 27 0.4908744 0.1130175 0.2821511 0.6318618
When a two-tailed t-test is performed8, 4 distinct groups emerge.  In (4.26) are given 
the comparisons between the six tonal categories and groups together the tones which had no 
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8 See appendix C, table C.1 for detailed results of the two-tailed t-test.  
statistically significant difference in vowel length. The probability resulting from the two-
tailed t-test when the two tones were compared and were found not to be statistically 
significantly different are given where applicable. All other probabilities in comparison 
between the tones were significant (p<0.009).  The four categories of length from longest to 
shortest for vowels elicited in words in citation form are as follows: vowels with tones 1 and 
6, vowels with tone 3, vowels with tones 2 and 5, and vowels with tone 4.
(4.26) Vowel length categories by tone based on two-tailed t-test statistical analysis
Length category Tones in category p-value
Longest 
Shortest
1 1 and 6 0.1278
2 3
3 2 and 5 0.8345
4 4
More research is necessary to establish if the syllables vary in length by tone 
depending on position in the sentence (see Jones (1961) for a brief description).
4.3 Tones 2 and 5 
Although tones 2 and 5 look very similar in contour (see (4.13)), they are both 
produced with creaky voice most of the time, their lengths do not seem to vary significantly 
(see section 4.2.6 above), and their start and end frequencies do not vary significantly at a 
95% confidence interval (see (4.3) above), they were consistently perceptually distinct tones 
to TS. Further research on the perceptual distinction between tones 2 and 5 is needed in order 
to determine what makes them perceptually distinct. No allotony was noted, as all vowel 
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contexts were observed for both tones, and no voicing difference between the two tones was 
noted either (based on visual inspection of the spectrograms). Due to the presence of two 
minimal pair—the words [θi2] ‘shifting agriculture field’ and [θi5] ‘comb,’ and [t#2] ‘ant’ and 
[t#5] ‘mile‘—tones 2 and 5 are contrastive and belong to separate tonal categories. However, 
TS says that although there is an audible difference between words with tones 2 and 5 when 
they are spoken slowly, in normal speech this difference disappears. 
One possibility was that the difference the native speaker consultant reports she hears 
in careful speech is due to the fact that the words were elicited from a written form. 
Therefore, at a different session, the same words were elicited without the written words. In 
that instance, the native speaker consultant said the “songs” (her term for tone) were very 
similar. 
In order to determine whether the speaker is able to perceptually distinguish the 
syllables, tokens of the syllables she produced from reading the words were pasted into a file 
in no particular order. Three pairs of syllables were replayed to her, one with no meaning 
[ka2] and [ka5], and two with meaning: [θi2] ‘shifting agriculture field’ and [θi5] ‘comb’, and 
[t#2] ‘ant’ and [t#5] ‘mile.’ The recordings were played to TS one syllable at a time and she 
was asked to provide a judgement as to whether the syllable has the tone [#θi], which is the 
name for the written tone mark of tone 2 (-I ), or [haθi], which is the name for the written 
tone mark of tone 5 (-O).  The first sound file played for clarification contained six syllables. 
Two separate instances of either [ka2] and [ka5] (a total of four recorded syllables) were 
pasted together. Thus, two [ka2] syllables (each instance only occurring once) and four [ka5] 
syllables (each one repeated twice) formed the recording, arranged in no particular order. The 
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second sound file played for clarification was created in the same way and contained six 
syllables. Two separate instances of [θi2] ‘shifting agriculture field’ and [θi5] ‘comb’ each 
ordered randomly for total of three [θi2] and three [θi5] syllables (each instance occurring at 
least once and one of them occurring twice). The last sound file played for clarification 
contained seven syllables, two instances each of [t#2] ‘ant’ and [t#5] ‘mile’ arranged 
randomly, for a total of four [t#2] syllables (each instance twice) and three [t#5] syllables 
(each instance occurring at least once and one of them occurring twice). In (4.27) are 
contained the syllables in the order in which she was asked to identify them and her 
corresponding judgements. The shaded cells indicate wrong identification, based on her 
previous assertion of what the tones were. 
(4.27) Syllables and the judgements provided by TS for playback of syllables with             
tones 2 and 5.
Replayed material Number of the syllable played back (trial number)
Syllable Action 1 2 3 4 5 6 7
[ka2] 
and 
[ka5]
Played 2 5 5 5 2 5
Judgement 2 5 2 5 2 5
[θi2]
 and 
[θi5]
Played 5 2 5 5 2 2
Judgement 2 5 5 5 2 2
[t#2] 
and 
[t#5]
Played 2 2 2 5 5 5 2
Judgement 2 5 2 5 5 5 2
Out of nineteen judgements, TS was able to correctly identify fifteen of the syllables 
(measured by her ability to match the tone to the label she had given at a previous elicitation 
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session one week earlier). The results indicate about a 78% accuracy, which is above chance. 
From these preliminary results, it appears that TS is able to hear a difference between tones 2 
and 5 in careful speech. Perceptual experiments with normal rate speech and connected 
speech, ideally with more native speakers (male and female),  are needed in order to 
determine whether her dialect of Sgaw Karen truly distinguishes between the two tones or 
whether in normal speech the words are distinguished in meaning based on context.
4.5 Tone phonemic summary
Six different tone categories were found for TS. The minimal sets of morphemes 
elicited for kV+tone syllables are given in the list in (4.23). Some of the words are 
polysyllabic; however, the syllable of interest was elicited in citation form from the speaker 
for the purposes of the phonetic tonal analysis. Three of the tones, tones 2, 4, and 5, are 
accompanied in most instances by a glottal stop, which is part of the tone and not a separate 
segment. Tones 1, 3, and 6 are never accompanied by a glottal stop. All of the tones appear to 
occur in open syllables, unlike the description provided by Jones (1961), which separated 
tones into two categories: checked (i.e. closed syllable with a glottal stop in the coda 
position) and unchecked (i.e. open syllable). For Jones (1961), the glottal stop was a separate 
segment, distinct from the tone, occurring as a coda, whereas in TS’s dialect the glottal stop 
functions as a characteristic of the tone, as it was never documented in the coda position 
without occurring after a vowel with tones 2, 4, or 5. 
In terms of phonetics, two of the tonal categories, tones 2 and 5, are similar enough to 
each other that they may seem like allotones of the same toneme, but the presence of minimal 
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pairs suggests they are categorically distinct. Further research is required to determine what 
phonetic cues, perceptually, distinguishes them. 
A summary for the tones found for TS is presented in (4.28). 
(4.28) Summary of the tones and voice quality for TS.  
Tone 
Average frequencies and labels
Description 
Audible 
voice 
quality
Length 
category 
(duration)
Sgaw 
orthography
Start End 
F0 
(Hz)
Label F0 
(Hz)
Label
1 207.2 M 214.1 M Mid-level Modal 1 -----------
2ʔ 244.3 H 141.7 L High-falling Creaky 3 -I
3 192.6 L 181.3 L Low-level Breathy 2 -P
4ʔ 204.9 M 159.8 L Mid-falling Creaky 4 -;
5ʔ 232.9 H 149.7 L High-falling Creaky 3 -O
6 192.2 L 238.7 H Low-rising Breathy 1 -:
Note: For length category, (1) is the longest and (4) is the shortest. 
Beyond describing the phonetics of the tones as produced by TS in terms of shape, 
start and end frequencies, voicing quality, and relative duration,  it was also possible to 
compare them to previously described tones for three dialects of the language. 
Etymologically related words allowed for the 6 tones as produced by TS to be compared with 
the tones found in Moulmein Sgaw (Jones, 1961), Bassein Sgaw (Jones, 1961), and Yangon 
Sgaw (2001), as seen in (4.24) above.
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CHAPTER 5
CONSONANTS
Sgaw Karen as spoken by TS has an inventory of twenty-five consonant phonemes. 
The analysis in this chapter begins with a description of the phonemic inventory in which 
minimal pairs for all of the consonant phonemes proposed are provided. After phonemicity 
has been established for all twenty-five consonant phonemes, a brief phonetic analysis of 
spectrograms is presented along with descriptions of allophonic variation. 
5.1 Introduction to the consonantal phonemic inventory for each dialect
The phonemic inventories for the three previously documented dialect and TS’s 
dialect are provided in this section. TS’s dialect is then discussed and compared to the other 
three in sections 5.2 and 5.3 below. 
5.2.1 Previously described dialects: MS, BS, and YS
The three previously described dialects for Sgaw Karen—Moulmein Sgaw (Jones, 
1961), Bassein Sgaw (Jones, 1961), and Yangon Sgaw (Lar, 2001)—differ in their 
consonantal phonemic inventories.  Yangon Sgaw (YS)  has twenty-seven proposed 
consonant phonemes in its inventory, as shown in (5.1). Moulmein Sgaw (MS) also has 
twenty-seven proposed consonant phonemes, as illustrated in (5.2). Bassein Sgaw (BS) 
differs from the other two dialects in that it only has twenty-three phonemes, as presented in 
(5.3). One of the columns in (5.2) and (5.3) remains unlabeled as to the place of articulation 
because Jones (1961) did not label it, and in the text describes different places of articulation 
for the sounds in MS found in that column. For MS, Jones (1961) describes /s/ as a 
“voiceless unaspirated dental spirant” (p7), while categorizing /sʰ/ as a “voiceless aspirated 
alveolar spirant” (p7) and /z/ as a “voiced alveolar spirant” (p7). For BS, Jones provides no 
description of the sounds, and it was assumed that they had the same place of articulation as 
in MS, as no difference was noted by the author. 
(5.1) Yangon Sgaw consonants reproduced from Lar (2001, p28)
Manner
Place of articulation
Bilabial Dental Alveolar Palatal Velar Glottal
Plosive         fortis vl. asp.
fortis vl. unasp.
Implosives          lenis vd.
 pʰ
p
ɓ
t̪
 tʰ
t
ɗ
 kʰ
k
ʔ
Fricatives            fortis vl.
                          lenis vd.
s   sʰ sʲ
x
ɣ
h
ɦ
Affricates            fortis vl.
                         lenis vd.
tʃ
d̥ʒ
Trill r
Nasals m n ɲ ŋ
Lateral l
Approximants w j
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(5.2) Consonantal phonemes for Moulmein Sgaw from Jones (1961, p5 and p62)
Manner
Place of articulation
Labial Dental Palatal Velar Glottal
Stops
vl. unasp. p t c k ʔ
vl. asp. pʰ tʰ cʰ kʰ
vd. b d
Spirants
vl. unasp. θ s š x
vl. asp. sʰ
vd. z ɣ ɦ
Resonants
vocalic w j
nasal m n ñ ŋ
lateral l
trill r
Note:  [ñ] is described as a “voiced palatal nasal” (Jones, 1961, p. 7) and corresponds to [ɲ]
 [š] is described as a “voiceless palatal spirant” (Jones, 1961, p. 7) and corresponds to [ʃ]
(5.3) Consonantal phonemes for Bassein Sgaw from Jones (1961, p63)
Manner
Place of articulation
Labial Dental Palatal Velar Glottal
Stops
vl. unasp. p t k ʔ
vl. asp. pʰ tʰ kʰ
vd. b d
Spirants vl. unasp. θ s š x h
vl. asp. sʰ
vd. ɣ
Resonants vocalic w j
nasal m n ñ
lateral l
trill r
Note:  [ñ] is described as a “voiced palatal nasal” (Jones, 1961, p. 7) and corresponds to [ɲ]
 [š] is described as a “voiceless palatal spirant” (Jones, 1961, p. 7) and corresponds to [ʃ]
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The phonemic inventories for MS, YS, and BS propose some of the same phonemes, 
although there are some differences. The similarities can be noted from the inventories 
presented in (5.1)-(5.3), and will not be discussed here. The differences, however, are noted 
between the three dialects in the following discussion, beginning with the differences 
between MS and BS, followed by the comparison of MS and BS to YS. 
As described by Jones (1961), MS differs from BS in that it has the phonemes: /c, cʰ, 
z, ŋ, ɦ/, while BS does not. Jones (1961) notes that although there are no palatal phonemes in 
BS, palatal sounds occur as allophones of other phonemes: /kʰ/ and /k/ each have a distinct 
affricate allophone9. Jones (1961) further notes that in MS, /ɣ/ has two allophones: [ɣ] and 
[h]10. In this dialect, [ɦ] belongs to a separate phoneme /ɦ/. In BS, however, /ɦ/ is not 
produced, and [h] and [ɣ] are allophones of separate phonemes, /h/ and /ɣ/ respectively. For 
MS and BS, Jones (1961) does not provide a comprehensive phonological comparison based 
on minimal pairs. Instead, the author provides a list of three to four words that contain the 
sound for MS11, and states that they are phonemes. For BS, no list is provided, and the author 
notes the differences between the two dialects without providing examples for BS. 
The phonology of the YS is described by Lar (2001), who provides the minimal pairs 
for phonetically similar segments in order to establish consonant phonemicity as reproduced 
in (5.4) below. 
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9 See section 5.3.4 for the allophones and their conditioning environments. 
10 See section 5.3.6 for conditioning environments of each allophone.  
11 See Jones (1961) p6-7 for list of words. 
(5.4) Contrast between phonetically similar segments in Yangon Sgaw (Lar, 2001, p.29)
# Contrasting sounds IPA Gloss IPA Gloss
a [p] - [pʰ] ma˧ lɔ˨ pi4ʔ ‘to extinguish’ mɛ4ʔ pʰi4ʔ ‘eye lid’
[t] - [tʰ] p#nɛ˦ t#˨ ‘candle’ sʰ#˦ tʰ#˨ ‘stand’
[k] - [kʰ] ko4ʔ xa˦ ‘to shout’ ʔo˨ kʰo4ʔ ‘to wait’
b [p] - [ɓ] po4ʔ kʰwa˦ ‘man’ ɓo4ʔ ke˦ ‘to bend’
[t] - [ɗ] tɛ˦ ‘to tell’ ɗɛ˦ ‘hut’
c [ɓ] - [m] ɓu˦ ‘thin’ mu˦ kʰo˨ ‘sky’
d [ɗ] - [l] ɗɛ˨ ‘daughter in law’ lɛ˨ ‘wide’
[ɗ] -[n] ɗɔ˦ ‘knife’ nɔ˦ ‘sister'
e
[tʃ] - [d̥ʒ] tʃɛ5 tʃɔ˦ ‘mix’ d̥ʒɔ˦
‘a kind of 
eucalyptus tree’
f
[h] - [ɦ] h#˦
‘to cook by 
steaming’ ɦ#˦ ‘attention particle’ 
MS, as seen in (5.2), has two palatal stop phonemes, /c/ and /cʰ/, eight fricative 
phonemes, /θ, s, sʰ, z, ʃ, x, ɣ, ɦ/, and no affricates. BS, as seen in (5.3), has no palatal stops or 
affricates, but does possess seven fricative phonemes, /θ, s, sʰ, ʃ, x, ɣ, h/, differing from MS 
in that it has no voiced alveolar fricative /z/ and the voiced glottal fricative /ɦ/ is a voiceless 
glottal fricative /h/. Yangon Sgaw, as seen in (5.1), has two affricate phonemes, /tʃ/ and /d̥ʒ/, 
seven fricative phonemes, /s, sʰ, sʲ, x, ɣ, h, ɦ/, and no palatal stops. The Yangon dialect differs 
from MS in that it has no voiced alveolar fricative /z/, the voiceless alveopalatal fricative /ʃ/ 
is represented as a palatalized voiceless alveolar fricative /sʲ/, and the voiceless and the 
voiced glottal fricatives, /h/ and /ɦ/ respectively, are contrastive. 
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The phonemic inventories of MS and BS, and YS have three main differences: /θ/ vs /
t̪/, implosives vs voiced stops, and possibly affricates /t͡ʃ/ and /d ̥͡ʒ/ vs voiceless palatal stops /
c/ and /cʰ/. These differences are discussed below in the corresponding sections, and 
compared to TS’s dialect. There is also some differences in allophony, discussed below. 
5.2.2 Summary of consonant phonemic inventory for TS’s dialect 
In TS’s dialect of Sgaw Karen there are twenty-five consonant phonemes. All of the 
phonemes are summarized in (5.5), and are based on the contrasts presented in section 5.2 
below. A few instances of allophony were encountered in the data (see section 5.3 below for 
more details). The voiced velar fricative /ɣ/ exhibits a velar approximant allophone [ɰ] when 
occurring intervocalically. Additionally, /s/ may be produced as either [s] or [tʃ] and /sʰ/ may 
be produced as either [sʰ] or [tʃʰ]. Although both the fricative and the affricate appear to vary 
freely, the fricative is produced more often than the affricate and has therefore been taken as 
looking like the underlying phoneme.
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(5.5) Consonant phonemes in TS’s variety of Sgaw Karen
Manner
Place of articulation
Labial Coronal Post-alveolar Palatal Velar Glottal
Stops 
Unaspirated p t k ʔ
Aspirated pʰ tʰ kʰ
Implosive ɓ ɗ
Fricatives 
Unaspirated θ s ʃj x h
aspirated sʰ
Nasals m n ɲ ŋ
Approximants w l j w  ɣ
Trill r
5.2 Sgaw Karen consonant phonology
The goal of the phonological description is to provide evidence that all of the 
consonants occur in the exact same phonetic environment, and thus are allophones of 
separate phonemes. Only the proposed phonemes are presented in this section. The 
allophones of the phonemes, where existing, are discussed in section 5.3 below along with 
the spectrographic analysis in order to provide evidence for contrast between similar sounds. 
5.2.1 Data collection 
The goal of the data analysis was to find minimal pairs that demonstrate the contrast 
between all of the proposed consonant phonemes. The elicitation was done through Sgaw 
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Karen orthography and English glosses. In the end, the items elicited through the items 
written in Sgaw Karen script were used in the analysis. The written words were created from 
the Sgaw Karen graphemes provided by Lar (2001, p32). All of the consonant letters were 
paired with all of the written vowels and no tone marking (generally indicative of tone 1).  In 
(A.4) (see appendix A) is included the list of syllables elicited written in Karen script. The 
speaker was asked if she could identify any words with the sound combinations presented. 
Once a word was identified, the next consonant was approached in the same way. Most of the 
words elicited consisted of the consonant and the vowel [a].  Although attempts were made to 
elicit some of the items by Lar (2001), it was not a fruitful endeavor. The native speaker 
consultant sometimes provided different words and did not know a word with the sounds 
provided by Lar (2001) (although this was likely due to a failure on the researcher’s part to 
accurately sound out the word). For some of the pairs, Lar (2001) did not provide enough 
information in the gloss in order for it to be re-elicited, as is the case with the pair in (e) in 
list (5.1) above, which was impossible to elicit because the speaker did not know a name of a 
type of eucalyptus with those sounds.
5.2.2 Data analysis 
The sound files were analyzed in terms of frequency to match them with the average 
tones found in chapter 4. The tones were also visually matched to words with known tones. 
Mainly, tone 1 was elicited in monosyllabic words with the various consonants, although 
where not possible, words with the same vowel and different tones occur. The sample 
analyzed did not contain all of the consonant, vowel, and tone combinations, and was merely 
analyzed to find minimal pairs. 
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Since Sgaw Karen is a tonal language, not only is the consonant environment 
important in establishing phonemicity, but also the tone of the syllable. All of the tones for 
the analysis below were established through visual inspection and by measuring the pitch 
using Praat (see (5.6) for settings). The tones for all of the syllables were extracted using the 
same Praat scripts as for the tonal analysis above (see chapter 4). They were then graphed for 
visual inspection. All of them visually corresponded to the average tone 1 (see plotted tone 
averages in (4.13)) and did not deviate much, except for [kʰa] ‘to step over something’, 
which started as tone 1 but then rose at the end due to breathiness in the vowel. The native 
speaker consultant, however, remarked that the song to her was the same as in the word [ka] 
‘car.’ Breathiness on the vowel may be due to carried over aspiration from the consonant and 
did not appear to be a contrastive voice quality in this instance.  
(5.6) Praat settings for pitch estimation by visual inspection 
Setting Value
Start of pitch range 120 Hz
End of pitch range 300 Hz
Analysis method Autocorrelation
Drawing method Automatic
5.2.3 Phonological analysis 
As with the vowel analysis above (see chapter 3), the analysis begins with a look at 
the phonemes established through minimal pairs and minimal sets. The twenty-five 
consonant phonemes of Sgaw Karen as spoken by TS are illustrated in (5.7).  The consonants 
are presented mainly in monosyllables, and where words could not be located with 
monosyllables, in disyllabic words.  The majority of the syllables with the consonant of 
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interest have [a] and tone 1, however where TS could not think of a word that began with this 
CV1 combination, other vowel and tone combinations are provided. 
(5.7) Words that illustrate phonemic contrast among consonant sounds in TS’s dialect
Manner IPA Transcription (IPA) Gloss
Stops
voiceless 
unaspirated
p pa1 ‘father’
t ta1 ‘(Buddhist new year) water festival’
k ka1 ‘car’
voiceless 
aspirated
pʰ pʰa1 ‘male (marker)’
tʰ tʰa1 ‘poetry’
kʰ kʰa1 ‘to step over (something)’
implosive
ɓ ɓa1 ‘to worship’
ɗ ɗa1.lɔ3 ‘to lay down (something)’
glottal ʔ ʔa1 ‘a lot’
Fricatives
voiceless 
unaspirated
θ k#.θa1
θ#1
‘to breathe’
‘three’
s s#1 ‘to tie (anything)’
ʃj ʃja1 ‘wild (animal or plant)’
x xa1
x#1
xɔ6.θaʔ5
xɛ6
‘to yell’
‘heavy (not light)’
‘coconut’
‘thin, skinny’
h ha1
hɛ1
‘evening (time)’
‘spicy’
voiceless 
aspirated sʰ sʰa
1 ‘to sell’
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Manner IPA Transcription (IPA) Gloss
Nasal 
m ma1
θ#.maʔ5
‘wife’
‘crocodile’
n na1.ɗe6 ‘nose’
ɲ ɲaʔ5 ‘fish’
ŋ ŋa1 ‘to rent’
Approximants
j ja1.ɓla ‘to heal’
l la1 ‘moon’
w wa1 ‘white’
ɣ
ɣeʔ5
ɣɛ6.k#3.liʔ5
ɣɔ6
‘cane, rattan’
‘to dance’
‘red’
Trill r k#.r#1 ‘group’
 Note: The superscripts indicate the tone, in accordance with the analysis in chapter 4.
All of the consonants appeared to have one allophone in citation form, except for /s/ 
and /sʰ/, which had two allophones: [s] and [tʃ], and [sʰ] and [tʃʰ] respectively (see section 
5.3.4 below for detailed discussion). Additionally, /ɣ/ is more like [ɰ] intervocalically than 
[ɣ] (see section 5.3.6 below for detailed discussion).
5.3 Sgaw Karen consonant phonetics and allophonic variation 
The consonant phonemes of Sgaw Karen as spoken by TS are presented in (5.7) in the 
previous section. As with the vowel analysis above (see chapter 3), the consonants were 
investigated using spectrograms. The goal of the spectrographic analysis was to ensure that 
the consonants were phonetically distinct in the contrastive words, to show the contrast 
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between phonetically similar series (such as voiced vs. implosive stops), and to explore 
allophonic differences in possible conditioning environments. 
5.3.1 Data collection
The method used for collection is mainly as described in section 5.2.1 above. Some of 
the tokens depicted in the analysis below arose from translation elicitation for the word lists 
provided by Jones (1961) and Lar (2001). Some of the words were also spontaneously 
provided by the native speaker consultant. 
5.3.2 Data analysis 
The method for establishing the tone were the same as described in section 5.1.3 
above. For the spectrographic analysis, all recordings were filtered to attenuate frequencies 
below 100Hz using Praat (Boersma & Weenink 2012). The command “Sound:Filter (stop 
Hann band)” was used in Praat to filter out frequencies from 0 Hz to 100Hz with smoothing 
frequency of 100Hz. A stop-band filter was used in all of the recordings before obtaining the 
spectrogram in order to make the waveform easier to follow, since for many of the sounds, 
such as the fricatives, the higher frequencies are of interest. A wide-band spectrogram was 
used to illustrate the sample consonant sounds, and the spectrogram settings are given in 
(5.8). The settings for the fricatives differed in the maximum frequency displayed in the view 
range, which instead of being 10,000Hz like for the other consonants, was raised to 
13,000Hz. 
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(5.8) Praat spectrogram settings for consonant analysis
Setting Value
View range (Hz) 0-10,000
Window length (s) 0.005
Dynamic range (dB) 68
5.3.3 Stops
As found for MS, BS, and YS, there are three stop series in the native speaker 
consultant’s dialect of Sgaw Karen: voiceless unaspirated stops, voiceless aspirated stops, 
and voiced implosive-like stops.  In (5.9) are listed examples of words with the stops. The 
superscripts denote tone and the consonant of interest is bolded. 
(5.9) Words illustrating the three stop series found in TS’s dialect
 Unaspirated stops: 
  (1) [pa1]   ‘father’
  (2) [ta1]   ‘(Buddhist new year) water festival’  
  (3)  [ka1]   ‘car’
  (4) [p#3.te4.kʰlɛ6]  ‘scorpion’
  (5) [me3.tu1.kho6]  ‘forehead’ 
  (6) [ʔa1]   ‘a lot’ 
 Aspirated stops: 
  (7) [pha1]   ‘male (marker)’
  (8)  [tha1]   ‘poetry’
  (9) [kha1]   ‘to step over (something)’
 Voiced implosives:
  (10)  [ɓa1]   ‘to worship’
  (11)  [#1.ɓɔ]   ‘yellow’
  (12)  [#1.ɗe6]   ‘wing’
  (13)  [ɗa1.lɔ3]   ‘to lay down (something)’
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For MS, BS, and YS the two sources describing these three dialects disagree on 
whether to call the one of the three stop series voiced stops or implosives. For MS and BS, 
Jones (1961) calls them voiced stops, but notes that “in precise speech this pre-voicing is 
sufficiently pronounced to produce implosive release” (p6). YS is described as having a 
distinction between plosive series in terms of fortis and lenis. The the plosive fortis /p,t,k/ 
contrast with the voiced lenis /ɓ,ɗ/, whose production are “more or less implosive” (p28), as 
shown in example (b) in (5.4). Despite the disagreement in naming (and thus underlying 
phonological form), the sources agree that the stops may be produced as implosives. 
Although in (5.9) the voiced implosive stops are represented as implosives, they only 
seem to be produced as implosives in careful or exaggerated speech. For instance, when the 
native speaker consultant was asked to clarify the difference between ‘father’ and ‘to 
worship’—to English speakers the unaspirated voiceless labial stop [p] sounds like [b]—she 
exaggerated the first sound in ‘to worship,’ making it an implosive. However, in most other 
instances, voicing (as visible in the waveform) is not maintained until release as is expected 
for an implosive (Johnson 2012). Instead, some passive devoicing occurs. On occasion it 
sounds to the ear more like pre-voicing than implosion12. This phenomenon is observable in 
the spectrograms presented in (5.10) and (5.11) below, for [ɓa1] ‘worship’ and [#1.ɗe6] ‘wing’ 
respectively. The highlighting indicates the implosive stop. It is possible that the sound is 
only partially voiced, as seen in Hendo, a Bantu language spoken in the Democratic Republic 
of the Congo (Demolin et al. 2002). 
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12 Demolin et al (2002) note that in Hendo, a Bantu language with a palatal implosive, the implosive 
is not produced with nasal air!ow, despite “the auditory impression it sometimes gives” (p3). 
(5.10) Spectrogram for [ɓa1] ‘worship.’ ɓ is highlighted.
(5.11) Spectrogram for ['1.ɗe6] ‘wing.’ ɗ is highlighted. 
There is only one instance of allophony mentioned for YS, and it involves the 
unaspirated stop series. In YS, the plosive fortis /p,t,k/ have two allophones: voiceless fortis 
[p,t,k] and voiced fortis [p̬,t̬,k̬]. The fortis voiced allophones [p ̬,t̬] are distinct from [ɓ,ɗ], 
which are described as “more or less implosive” (Lar, 2001, p.28). In the description of YS, 
Lar (2001) does not state what the conditioning environment of the allophones are, and does 
not provide examples which illustrate this difference. Although Lar (2001) found that the 
unaspirated voiceless stop /p,t,k/ become voiced intervocalically as [p ̬,t̬,k̬], that did not 
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appear to be the case for TS. Even though the unaspirated stops sounded like voiced stops to 
the researcher, once the spectrograms were inspected, no voice bar was discovered. This is 
the case for the [p#3.te4.kʰlɛ6] ‘scorpion,’ for which the intervocalic [t] sounds more like [d] 
but no voicing is present, as seen in the highlighted waveform in (5.12). It is also apparent 
from comparing the spectrograms in (5.11) and (5.12) that the unaspirated intervocalic stop 
and the voiced intervocalic plosive differ, as the plosive has voicing whereas the unaspirated 
stop does not. 
(5.12) Spectrogram for [p'3.te4.kʰlɛ6] ‘scorpion.’ t is highlighted. 
5.3.4 Fricatives
In TS’s dialect, there are a total of seven contrasting fricatives, and two affricates 
allophones of two of the fricative phonemes, unlike the case in YS. Examples of the 
fricatives are shown in (5.13). The tone for each syllable is marked as a superscript. Where 
there are allophones, the first transcription indicates the preferred pronunciation by TS and 
the second transcription indicates an alternate pronunciation produced by the speaker. 
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(5.13) Words illustrating the fricatives and their allophones found in TS’s dialect
 Voiceless fricatives: 
  (1) [θ#1]   ‘three’
  (2) [s#1]   ‘to tie (anything)’  
  (3)  [ʃja1]   ‘wild animal’
  (4) [#3 .xɛ6] or [xɛ6] ‘thin, skinny’
  (5) [xɔ6θaʔ5]  ‘coconut’
  (6) [sʰɔ1] or [tʃʰɔ1]  ‘chicken’
  (7) [tʃɔ1] or [sɔ1]   ‘older brother’
  (8)  [tʃe1] or [se1]   ‘money’
  (9) [tʃ#1]   ‘talking mynah bird’
  (10) [ha1]   ‘evening’ 
When compared to other dialects, TS has the dental fricative [θ] like MS and BS, 
whereas in YS a voiceless dental stop [t̪] takes its place. Lar (2001) fails to explain the choice 
of phoneme, not providing a minimal pair for [t] vs [t̪]. For TS, /θ/ and /s/ contrast, as seen in 
the spectrograms in (5.14) and (5.15). Starting with [θ#1] ‘three’ and [s#1] ‘to tie (anything),’ 
it is possible to see in the spectrogram in (5.14) that the frication for [θ] is quieter (smaller 
waveform activity) than that for [s] in (5.15). 
(5.14) Spectrogram for [θ'1] ‘three.’ θ is highlighted.
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 (5.15) Spectrogram for [s'1] ‘to tie (anything).’ s is highlighted. 
When /s/ is compared to /ʃj/, a difference in the center of gravity of the frication is 
apparent. In the spectrogram in (5.16), the darkest portion of the frication for [ʃj] is lower 
than that for [s] in (5.15) above. About [ʃj], it is worth noting that it was always produced 
with palatalization, as was transcribed for YS (however, Lar (2001) gave no description of 
the sound, so it is not possible to compare the two sounds in terms of phonetics). In (5.16), 
the palatalization is visible for the word [ʃja1] ‘wild animal’ in the transition of the formants 
from [i]-like (or [j]) to [a]. 
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(5.16) Spectrogram for [ʃja1] ‘wild animal.’  ʃʲ is highlighted.
 
Although /ʃj/ could be taken as a consonant cluster of /ʃj/—/s/ occurs with most other 
approximants in consonant clusters so that /sj/ could be produced as [ʃj]13—there are factors 
that suggest it is a distinct phoneme in TS’s dialect. One of the factors that support /ʃj/ is that 
in other dialects of Sgaw Karen, both /s/ and /ʃ/ are phonemes. Additionally, in onset clusters 
there is a systematic lack of coronals occuring with the palatal approximant /j/, suggesting 
that this kind of cluster does not occur in the language. Lastly, orthographically, there is a 
Karen script character for [ʃ]—mainly  "—which to the best of the author’s knowledge does 
not resemble any of the other orthographically constructed onset clusters. Thus, /ʃj/ is a 
phoneme in TS’s dialect and not a consonant cluster. 
One interesting case of allophony in TS’s dialect involves the affricates, [tʃ] and [tʃʰ]. 
The affricates in Sgaw Karen appear to be distributed differently in the various dialects.  MS 
has no affricates, having instead voiceless palatal stops /c/ and /cʰ/ as a phonemic, which do 
not occur as stops in BS but which appear as affricates therein. Jones (1961) describes that in 
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13 See chapter 6 for syllable shape and possible onset clusters. 
BS the palatal sounds occur as allophones of other phonemes: /kʰ/ has the allophone [tʃ‘] 
before /i/, /e/, and /ɛ/, and /k/ has the allophone [tʃ] before /i/ and /e/. For MS, Jones (1961) 
does not mention specifically that the palatal stop phonemes are not affricated, while also not 
mentioning that they are affricated. Moreover, no phonetic description of the affricate 
allophones for BS is provided. Meanwhile, Lar (2001) proposes the affricates /t͡ʃ/ and /d ̥͡ʒ/ as 
phonemes in YS, noting that the affricates found in YS correspond to the palatal stops in MS. 
Lar does not propose an equivalent sound for BS, which lacks the palatal stop phonemes. In 
TS’s dialect, the affricates occur in free variation with the unaspirated and aspirated alveolar 
fricatives and have no connection to a stop. 
As indicated in (5.13) some allophonic variation exists between the voiceless 
unaspirated and aspirated alveolar fricatives—/s/ and /sʰ/—and their affricate counterparts 
[tʃ] and [tʃʰ] respectively. This difference is evident from a spectrogram, and unlike in YS for 
which Lar (2001) proposed a voiceless alveolar affricate /tʃ/ and a devoiced alveolar 
affricate /d̥ʒ/ phoneme, these two allophones of /s/ and /sʰ/ are unaspirated, as in figure 5.11, 
and aspirated, as seen in figure 5.12. By comparing the fricative in figure 5.11 to the fricative 
in figure 5.12, the aspiration in the latter is evident as a lighter column of frication. In 
illustrations 5.13 and 5.14, the highlighted portion of the waveform and spectrogram indicate 
the fricative portion of the affricate. In the spectrogram in image 5.14, the aspiration in the 
affricate is visible, whereas it is absent in image 5.13. In terms of allophony, whereas [sh] and 
[tʃʰ] vary freely in words that contain /sʰ/, such as the word for ‘chicken,’ not as much free 
variation is observed between [s] and [tʃ] for words with /s/. For example, [s#1] ‘to tie 
(anything),’ and many other words with [s], were never produced with [tʃ]. Additionally, the 
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word for ‘talking mynah bird’ [tʃ#1] was never produced with [s]. However, for some words 
the native speaker consultant noted that both pronunciations were acceptable, such as ‘older 
brother’ pronounced as [tʃɔ1] or [sɔ1] and ‘money’ produced as [tʃe1] or [se1]. TS remarked 
that in Thai the words are pronounced with [tʃ] more often, whereas in Sgaw Karen [s] is 
“more correct.” It is possible that some of the words containing [tʃ] are borrowed from Thai, 
or that TS produces them with [tʃ] because she is also fluent in Thai. Based on the variation 
in production encountered for different instances of the same words, the two affricates seem 
to be allophones of their respective fricatives in free variation. More words exhibiting [s] and 
[tʃ] allophones need to be analyzed to determine if there is any pattern to the distribution. 
(5.17) Spectrogram for [se1] ‘money.’  s is highlighted.
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(5.18) Spectrogram for [shɔ1] ‘chicken.’  sh is highlighted.
(5.19) Spectrogram for [tʃe1] ‘money.’ The fricative portion of tʃ is highlighted.
(5.20) Spectrogram for [tʃhɔ1] ‘chicken.’  The fricative portion of tʃh is highlighted. 
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In conclusion, TS’s dialect of Sgaw Karen has seven fricative phonemes. The 
voiceless alveolar fricatives, both unaspirated and aspirated, vary freely with their respective 
affricate allophone. 
5.3.5 Nasals
As found for MS and YS, four nasal phonemes were encountered (see (5.7) above) 
were encountered for TS’s dialect, neither of which exhibited any allophony in citation form. 
Neither Jones (1961) nor Lar (2001) noted any allophony for the nasal phonemes in MS, BS, 
and YS. MS, YS, and TS’s dialect differs from BS, which lacks the velar nasal phoneme /ŋ/.  
5.3.6 Approximants and trill 
TS’s dialect has four approximants, /w, l, j, ɣ/, and one trill, /r/. Similar to the 
approximants described for MS, BS, and YS, no instance of allophone was noted for /w, l, j, 
r/ in the words collected in citation form. However, the velar approximant /ɣ/ behaves unlike 
the phoneme described for MS, BS, and YS. For MS, Jones (1961) further notes that /ɣ/ has 
two allophones: [ɣ] with tones mid, low, and low-checked, and [h] with tones high, high-
checked, and mid-checked. In this dialect, [ɦ] belongs to a separate phoneme /ɦ/. In BS, 
however, /ɦ/ is not produced, and [h] and [ɣ] belong to separate phonemes,  /h/ and /ɣ/ 
respectively. Lar (2001) states that in YS, /ɣ/ is a phoneme, separate from /x/. In these three 
dialects, the sound [ɣ] is classified as a voiced velar fricative. For TS’s dialect, however, it is 
classified as a voiced velar approximant, as it patterns with the approximants and not the 
fricatives. The reason for this behavior is two-fold: no other voiced fricatives were observed 
in TS’s dialect (unlike in MS, which has  /z, ɣ, ɦ/ and YS, which has /ɣ, ɦ/), and in onset 
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clusters, /ɣ/ only functions as the second consonant, a position reserved for approximants, 
and is never seen as the first consonant in a cluster (see chapter 6 for further explication). 
The approximant /ɣ/ shows some context-dependent allophony: [ɰ] intervocallically, 
and [ɣ] elsewhere, as illustrated by the words in (5.21). Before examining the allophony, 
however, it is important to distinguish the voiced velar approximant /ɣ/ from the seemingly 
similar voiceless velar fricative /x/. 
(5.21) Words depicting the allophony of the voiced velar approximant
 Voiced velar approximant: 
  (11) [ʔa4.ʔa4.ɰɔ3.ɰɔ3] ‘many’ 
  (12) [#3.ɰɔ6] or [ɣɔ6] ‘red’ 
  (13) [ɣɛ6.k#3.liʔ5]  ‘to dance’ 
The two phonemes which may seem similar, /x/ and /ɣ/, are visibly distinct through 
spectrograms, as demonstrated in (5.22) to (5.25). The two sounds are presented word-
initially and intervocalically. Demonstrated in (5.22) and (5.23) are [xɔ6θaʔ5] ‘coconut’ and 
[#3 .xɛ6] ‘thin, skinny,’ respectively. For these spectrograms, bands are visible in the frication 
and voicing is absent (no voicing bar is visible). For [ɣ], on the other hand, little frication is 
visible when word-initially, as seen in (5.24)in the word [ɣɛ6.k#3.liʔ5] ‘to dance.’, and voicing 
is very apparent. Intervocalically, the voiced fricative [ɣ] seems to have a [ɰ] allophone, as 
seen in the word for ‘many’ [ʔa4.ʔa4.ɰɔ3.ɰɔ3] depicted in (5.25). As seen in the spectrogram, 
no frication is visible. The lack of other voiced fricatives in this dialect and the fact that 
intervocalically /ɣ/ is mostly realized as [ɰ] seems to indicate that the voiced velar fricative /
ɣ/ in TS’s dialect of Sgaw Karen may pattern with the approximants and not the fricatives. 
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Another reason why /ɣ/ appears to pattern with the approximants is that it occurs as the 
second consonant in consonant clusters14. 
(5.22) Spectrogram for [xɔ6θaʔ5] ‘coconut.’  x is highlighted.
(5.23) Spectrogram for ['3 .xɛ6] ‘thin, skinny.’  x is highlighted.
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14 See chapter 6 for further discussion and examples. 
 
(5.24) Spectrogram for [ɣɛ6.k'3.liʔ5] ‘to dance.’  ɣ is highlighted.
(5.25) Spectrogram for [ʔa4.ʔa4.ɰɔ3.ɰɔ3] ‘many.‘  ɰ is highlighted.
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CHAPTER 6
SYLLABLES
In this chapter the syllable shape and the onset consonant clusters found in TS’s 
dialect of Sgaw Karen are explored. The section starts by describing the previously found 
patterns in Moulmein, Bassein, and Yangon Sgaw. Then syllable shape is described, and the 
onset consonant clusters found for TS are considered. Lastly, the phenomenon of minor 
syllables as described by Lar (2001) is mentioned.  
6.1 Previous research
Typologically, the four basic syllable shapes include: CVC, CV, VC, and V. As 
reviewed in Zec (2007), in a given language the presence or absence of an onset or a coda is 
optional; however, the syllable must have a nucleus.  For Sgaw Karen, Lar (2001) proposes 
the shape of a syllable is: C1(C2)VT , where C1 can be any consonantal phone in a simple 
onset, and only the consonants depicted in (6.1) in a complex onset. C2 is restricted to be one 
of the following segments, depending on C1 : [w, l, ɣ, r, j]. Lastly, C3 can only be a glottal 
stop [ʔ], and no other coda is allowed.  
Although Jones (1961) does not propose a maximal shape for the Moulmein and 
Bassein dialects of Sgaw Karen, he does note that closed syllables can only contain glottal 
stops as codas, and additionally proposes a series of consonant clusters that occur in each 
dialect. In table 6.1 are depicted the proposed consonant clusters C1(C2) for the syllables in 
all three dialects of Sgaw Karen: Moulmein Sgaw (MS) and Bassein Sgaw (BS) from Jones 
(1961, p. 63-64), and Yangon Sgaw (YS) from Lar (2001, p.29).
(6.1) Onset consonant clusters in MS, BS, and YS dialects of Sgaw Karen. 
Dialect
C1
C2
Labials Coronals Palatals Velars
MS p θ t tʰ d s sʰ n l j ɲ k kʰ
wBS p b m θ t tʰ d s sʰ n l r j ɲ k kʰ
YS pʰ ɓ m t̪ t tʰ ɗ s sʰ n j ɲ k kʰ
MS p pʰ b m k kʰ
lBS p pʰ b m k kʰ
YS p pʰ ɓ m k kʰ
MS p pʰ b m s sʰ
ɣBS p pʰ b sʰ
YS p pʰ ɓ m s sʰ
MS p b θ t tʰ k
rBS p θ t k
YS p pʰ t̪ t tʰ k kʰ
MS pʰ m
jBS p pʰ
YS p pʰ k kʰ
6.2 Syllable shape
The same syllable shape as proposed by Lar (2001) is present in TS’s dialect of Sgaw 
Karen, except for the coda. In TS’s dialect, codas were not observed, as the glottal stop 
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behaved as part of the tone (see chapter 4 for further details). Thus, the syllable shape is 
C1(C2)VT , where C1 can be any consonantal phone in a simple onset, and only the 
consonants depicted in (6.1) (see below) in a complex onset. C2 is restricted to be one of the 
following segments, depending on C1 : [w, l, ɣ, r, j]. Lastly, every vowel is accompanied by a 
tone, T—any one of the six tones described in chapter 4 above. Minimally, the syllable 
appears to be CVT, as shown in examples (1)-(3) in (6.2), and maximally it appears to be 
C1C2VT, as demonstrated in (4) and (5) in (6.2). No examples of V or VC syllables were 
found during elicitation sessions. 
(6.2) Monosyllabic examples of open syllables 
(1)  [θi1]              ‘die’
(2) [ʔa1]   ‘a lot’
(3) [kaʔ2]   ‘broken’
(4) [ɓɣeʔ4]  ‘dew’
(5)  [kr#ʔ4]  ‘should’
6.3 Onset consonant clusters 
6.3.1 Data collection and data analysis
The same elicitation procedures were used as previously described (see chapter 2). A 
list of words compiled from the word lists provided by Jones (1961) and Lar (2001), as well 
as some items from a database previously created in the Field Methods course offered at 
UNC-CH in the fall of 2012, were used. The words were elicited through translation (the 
native speaker consultant was given the English term and asked to provide the Karen word). 
No written stimuli were used with these words. All of the words were elicited in citation 
form, and no sentence frames were used.  The words elicited are included in table A.5 in the 
appendix, along with the expected responses given by the sources the words were collected 
from. 
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A second method of elicitation in addition to translation from English into Karen was 
also used. In this method, the Sgaw Karen orthography was employed in order to try to elicit 
words with the various consonant clusters. These written samples were taken from Ballard 
(1993, p.55). The various written forms were placed on notecards and provided to the native 
speaker consultant during the elicitation. The written material used and the corresponding 
expected sounds are provided in table A.6 of the appendix. No vowel symbols were 
purposefully included with the consonants so that native speaker consultant could be asked if 
a word existed with those sounds but with a different vowel. 
The tones for the words with the consonant clusters were determined by visual 
inspection and by measuring the pitch using Praat (Boersma and Weenink 2012) using the 
same procedure as described in section 5.1.3 above. 
6.3.2 Consonant clusters in TS’s dialect of Sgaw Karen
The consonant clusters in Sgaw Karen occur in the onset of the syllable, as mentioned 
above (see section 6.2). Only five consonants are observed as the second consonant in the 
cluster (C2): /w, l, ɣ, r, j/. Out of the twenty five consonant phonemes found in TS’s dialect of 
Sgaw Karen, the following serve as C1 in a consonant cluster: /p, pʰ, ɓ, m, θ, t, tʰ, ɗ, n, s, sʰ, 
k, kʰ, j, ɲ, l/. The following consonants were not observed as C1 in a consonant cluster: /r, ɣ, 
w, ŋ, ʔ, h, x, ʃj/. Examples to illustrate all of the consonant clusters observed are shown in 
(6.3).
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(6.3) Words illustrating the onset clusters C1C2 in TS’s dialect of Sgaw Karen 
/C1w/ [pwa3k#3ɲɔ6] ‘people’ ; [pwe6] ‘full’ ; [ɣɨʔ2pwe1] ‘a kind of very poisonous green 
 snake’ ; [pwa3t#3mwi6] ‘visitor’ ; [θeʔ2pʰwe1] ‘a type of tree’;  [lɔ3ɓwe6] ‘tired’; 
 [mwi6] ‘brown water worm’ ; [ni3k#3mwi6] ‘smile’ ; [θwiʔ5] ‘blood’ ; [θwi1] ‘nest’ ; 
 [twiʔ5] ‘to pull’ ; [tʰwi6] ‘dog’ ; [ɗweʔ4] ‘cricket’ ; [nwi6] ‘seven’ ; 
 [p#3nwe3θaʔ5] ‘jackfruit’ ; [nwɛ1θe1te6] ‘manioc’ ; [p#4swe1] ‘not straight’ ; 
 [sʰwɛ3] ‘crab’; [sʰwa3] ‘to crawl’ ; [k#3kwe6] ‘to throw’; [ma3kwa3] ‘to try’ ; 
 [kwa6] ‘axe (N)’ ; [noʔ4kwɛ6] ‘broom’ ; [kʰwi1] ‘nine’ ; [t#4kʰwe1] ‘hook (N)’ ; 
 [poʔ4kʰwa6] ‘man’ ; [p#jwe3] ‘roundabout or indirect talk’ ; [lɔ3ɲwe6] ‘to wither’ ; 
 [lwi3] ‘four’
/C1l/ [ple6] ‘rope’ ; [pʰl#ʔ4] ‘round’ ; [pʰle6] ‘flogging’ ; [ɓla3lɔ6] ‘to hang up’ ; 
 [ni1θe1ɓle6] ‘holiday’ ; [ta1mla6] ‘precious yellow stone’ ; [mlɔʔ4] ‘cannon’ ; 
 [klo1] ‘gun’ ; [kl#1mɨ1] ‘big hallway’ ; [kʰle6] ‘fast’ ; [kʰlo1] ‘fast’ 
/C1ɣ/ [pɣaʔ2] ‘forest’ ; [ʔa1pʰɣɔʔ4] ‘poor’ ; [ɓɣɔ6] ‘to vomit’ ; [sɣɔ6] ‘to grab’ ; 
 [sɣa3pho6] ‘ few’ ; [sʰɣɔ6] ‘to grasp’ ; [sʰɣuʔ5] ‘thorn’
/C1r/ [k#4pru4k#3prɔ3] ‘shines brightly’ ; [wo1θrɛ6] ‘vocabulary’ ; [pe1trɔ6] ‘door’ ; 
 [srɔ3sr#ʔ5] ‘cymbals’ ; [kr#ʔ4] ‘should’ ; [kʰra3] ‘tool for breaking soil’
/C1j/ [ko3pja6] ‘spade to move material’ ; [pʰjaʔ4so1mo6] ‘university’ ; [lɔ3ɓjaʔ1] ‘weak, 
 having no energy’ ;  [mjei6] ‘name of a city’
When compared to the clusters found in other dialects (see (6.1)) it is apparent that 
there are some differences. As shown in the graphic in (6.4), there are some points of 
distinction in terms of onset clusters between TS’s dialect of Sgaw Karen and the three 
previously documented dialects. For the following seven clusters which are present in other 
Sgaw Karen dialects, no example was found during the elicitation sessions with TS: [rw], 
[mɣ], [pʰr], [ɓr], [tʰr], [kj], and [kʰj], as denoted by the dashes in the graphic in (6.5). 
Additionally, two clusters which do not appear in previous descriptions of Sgaw Karen 
dialects (Jones 1961; Lar 2001) were encountered in the data: [sr] and [ɓj], marked in (6.5) 
by the exclamation points. 
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(6.4) Graphic illustrating the consonant clusters present in TS’s dialect of Sgaw Karen as 
compared to the consonant clusters present in Moulmein Sgaw (MS), Bassein Sgaw(BS) and 
Yangon Sgaw (YS). 
Dialect
C1
C2
Labials Coronals Palatals Velars
MS p θ t tʰ d s sʰ n l j ɲ k kʰ
w
BS p b m θ t tʰ d s sʰ n l r j ɲ k kʰ
YS pʰ ɓ m t̪ t tʰ ɗ s sʰ n j ɲ k kʰ
TS p pʰ ɓ m θ t tʰ d s sʰ n l j ɲ k kʰ
MS p pʰ b m k kʰ
l
BS p pʰ b m k kʰ
YS p pʰ ɓ m k kʰ
TS p pʰ ɓ m k kʰ
MS p pʰ b m s sʰ
ɣ
BS p pʰ b sʰ
YS p pʰ ɓ m s sʰ
TS p pʰ ɓ s sʰ
MS p b θ t tʰ k
r
BS p θ t k
YS p pʰ t̪ t tʰ k kʰ
TS p θ t s k kʰ
MS pʰ m
j
BS p pʰ
YS p pʰ k kʰ
TS p pʰ ɓ m
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(6.5) Graphic illustrating the consonant clusters present in TS’s dialect of Sgaw Karen. 
C1
C2Labials Coronals Palatals Velars
p pʰ ɓ m θ t tʰ s sʰ ɗ n l r j ɲ k kʰ
            —     w
      l
   —   ɣ
 — —   — !!   r
  !!  — — j
Note: The check-marks, , denote the presence of the cluster. The dashes denote clusters that 
were present in other dialects but were not present in the data collected from TS Empty, 
shaded squares denote clusters that were not observed in TS’s dialect or in MS, BS, or YS. 
The exclamation points denote clusters observed in the data collected from TS and which had 
not been documented in Lar (2001) or Jones (1961). 
Overall, a few patterns emerge from which generalizations can be made. In Sgaw 
Karen, C2 are sonorants, even /ɣ/ which was previously described as a voiced velar fricative 
appears to pattern with the approximants in this language (see section 5.2.4.2 for 
description). Since no other voiced fricative was observed in the native speaker consultant’s 
dialect, it is possible that the voiced velar fricative does not pattern with the fricatives, 
instead patterning with the sonoranTS Another factor that could indicate that /ɣ/ behaves as 
an approximant in TS’s dialect of Sgaw Karen is that it occurs as C2 in a consonant cluster, 
but never as C1 whereas other fricatives, such as [θ, s, sʰ], occur as C1. 
In terms of place of articulation, a major pattern emerges: in general, C1 does not have 
the same place of articulation as C2, with the exception of the labio-velar /w/, which occurs 
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with both labials and velars. Labials seem to occur with all five possible C2, and the only 
cluster that has never been attested in any of the Sgaw Karen dialects is [mr], which seems to 
be a systematic gap. In TS’s dialect, the three clusters [mɣ], [phr], and [ɓr] were not found. 
The lack of examples for these three clusters appears to be a gap in the data rather than a 
systematic gap, since they are attested in the other three dialects. Furthermore, /C1ɣ/  where 
C1 is a labial appears to yield [C1w] such as in the word for ‘poor’ which was produced both 
as [ʔa1pʰɣɔʔ4] and [ʔa1pʰwɔʔ4]. The voiced velar fricative /ɣ/ changing into a labiovelar 
approximant [w] is a plausible sound change as it would entail place of articulation 
assimilation by the the voiced velar approximant to the labial sound before it. 
The coronals, as C1, occur predominantly with [w]. All previously attested [C1w] 
clusters with coronals were encountered except for [rw], for which the native speaker 
consultant could not think of a word. It is possible that her dialect does not have this cluster, 
since BS is the only dialect in which it has been found. Additionally, /s/ occurs in the clusters 
[sɣ] and [sr]. /θ, t/ also occur in clusters with [r]. No consonant cluster with a coronal as C1 is 
ever observed with [l] or [j] in any of the Sgaw Karen dialects, indicating a systematic gap. 
Lastly, the velars /k, kh/ occur in consonant clusters with /w, l, r/ but not with /ɣ, j/ in 
TS’s dialect. As mentioned above, C1 does not have the same place of articulation as C2, 
which would explain the lack of [kɣ] and [kh ɣ]. Two consonant clusters that have different 
place of articulation, [kj] and [kh j] , were also not observed in the native speaker consultant’s 
data. One possible explanation is that there is a gap in the data.  However, the more likely 
explanation (as it explains the pattern with the labiovelar approximant) is that only Yangon 
Sgaw allows for the same major articulators to be used in both C1 and C2, whereas in TS’s 
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dialect, MS, and BS the same major articulator cannot be used for both consonants in an 
onset cluster, except for clusters with labials which are widespread. 
6.4 Minor syllables
Many Southeast Asian languages, including Tibeto-Burman languages, are reportedly 
either monosyllabic or sesquisyllabic (Michaud 2009). A monosyllabic language is said to 
have monosyllables as the building blocks of the lexicon, while sesquisyllabic languages 
contain ‘half’ syllables which allow words to be longer than one syllable but shorter than two 
(Michaud 2009). These ‘half’ syllables have various names in the literature, including: minor 
syllables, demi-syllables, and presyllables. Major syllables, then, are described as the “full” 
syllable with which these ‘half’ syllables co-occur. The literature varies on the characteristics 
ascribed to minor syllables, and their phonological status in a language. Since the 
characteristics of minor syllables appear to be largely language dependent, the characteristics 
given in the literature will not be discussed here (for further details, see Michaud, 2009; 
Green 2002; Shaw 1994; Lavoie & Cohn 1999; Ring 2012). Rather, the distinction between 
minor and major syllables will only be noted as existing, as given in Lar (2001). Further 
research is necessary to make any conclusive remarks about their phonological status and 
their phonetic characteristics. 
According to Lar (2001), Sgaw Karen has two types of syllables: major syllables and 
minor syllables. Lar (2001) states that “all major syllables include a tone” (p27), and have the 
shape as described in section 6.2 above. Minor syllables, on the other hand, are described by 
Lar (2001) as having the following characteristics: 
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Minor syllable are always stressless and never bear a distinct tone. Minor 
syllables are composed of an initial C and mid central vowel /#/. The initial 
consonant of a minor syllable is generally a stop. Minor syllables are 
phonologically bound to a following major syllable. (Lar 2001, p27)
Lar provides four examples of words with minor syllables, as shown in (6.6). The 
minor syllable is bolded, and comes before the major syllable. 
(6.6) Examples of words with minor syllables provided by Lar (2001). 
(1) [p*dɛ˦] ‘rabbit’  
(2) [k*lu4ʔ] ‘angel’
(3) [t*ɣa˧]  ‘one person’ 
(4) [ʔ*ɓɔ˥] ‘yellow’ 
With the idea of minor syllables in mind, Lar (2001) proposes that the full syllable 
structure for Sgaw Karen consists of an optional minor syllable and a major syllable (which 
has the structure mentioned above): (C1V1) C2(C3)V2T(C4) . The T in the second vowel, V2 , 
denotes the presence of tone (which is absent in the minor syllable’s vowel V1).  
Minor syllables seem to be part of the orthography. Ballard (1993) describes a 
phenomenon similar to the minor syllables, noting that:
Consonants which appear alone without any vowel signs or tone marks are 
unaccented syllables which are linguistically connected to the following syllable. 
They have a neutral vowel sound like the sound of the “a” in “about,” and the 
tone is usually somewhere around mid tone. (Ballard 1993, p42)
The author further provides some examples of written forms which contain these 
“unaccented syllables,” as shown in (6.7). The first letter in each word corresponds to the 
syllable in question. No gloss was provided by Ballard (1993) for the words, and a search 
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through an online Karen dictionary (“Drum”) yielded no results, so the words are provided 
unglossed. However, the transliteration of the expected sounds in the word is provided in 
IPA. The bolded syllable in the transliteration is the expected minor syllable. Additionally, TS 
was presented with the Karen script asked what the words meant, and her responses are 
included besides the transliteration. 
(6.7) Examples of words with minor syllables as described by Ballard (1993). 
  Karen script       Transliteration TS definition
(1) ယန#I  [j*nɔ]  ‘my (older) sister’
(2) နစ#   [n*sɔ]  ‘your (older) brother’
(3) အဒi;  [ʔ*ɗ#]  ‘her/his room’
(4) ပသ)    [p*θa]  ‘our heart’
(5) ယကလ, :   [j*k*lɛ]  ‘I will go’ 
(6) တဟ,ဘO  [t*hɛɓa] ‘not coming’ 
In the data elicited from TS some words with potential minor syllables arose. These 
are listed in (6.8), with the potential minor syllables bolded. One observation about the 
potential minor syllables seen in (6.6-6.8) is that the minor syllables do not seem to occur 
before major syllables with complex onsets. Lar (2001) does not specify whether minor 
syllables can be bound to major syllables with complex onsets. If minor syllables never occur 
before major syllables with complex syllables it is possible that the reduced, ‘tone-less’ 
vowel /#/ is epenthesized to resolve a forbidden onset cluster (i.e. an onset cluster that does 
not fit in the pattern described in section 6.3.2 and represented in (6.4) and (6.5) above). 
Evidence against this hypothesis would be a word with a minor syllable preceding a major 
syllable which would form a legal onset cluster, such as C1#C2VT... where C1 is /p, pʰ, ɓ, m, 
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θ, t, tʰ, ɗ, n, s, sʰ, k, kʰ, j, ɲ, l/ and C2 is /w, l, ɣ, r, j/ such that C1C2 is an acceptable cluster 
(see (6.5) for possible onset clusters in TS’s dialect). However, no such example was found in 
the data: no potential minor syllable in TS’s data (see (6.8)) and no example word provided 
by Lar (2001) (see (6.6)) nor Ballard (1993) (see (6.7)) ever involve a legitimate onset cluster 
split by a reduced vowel [#].    
(6.8) Examples of words with minor syllables as described by Ballard (1993). 
(1)  [s*pi.θa] ‘grapes’
(2) [t*xi.θa] ‘orange’
(3) [k*sʰɔ]  ‘elephant’
(4)  [k*hɔ]  ‘to cry’
(5) [k*mu.se] ‘tomorrow’
(6) [k*me.si.so] ‘to sing (birds)’
(7) [t*s#]  ‘not clean’
Further research is necessary to establish the criteria for a minor syllable. 
Additionally, more investigation in the properties of these syllables is needed to answer 
question such as: Is a string of minor syllables possible or can each major syllable only have 
one minor syllable? Do minor syllables ever come after the major syllable? In terms of 
phonetics, are minor syllables significantly shorter than major syllable? How does the tone 
carried by minor syllables compared to those found in major syllables? Phonologically, does 
the underlying representation of the word have a reduced vowel or is the vowel reduced by a 
rule? These and further questions about minor syllables require a project of its own to 
answer. 
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5.3 Summary of syllables and consonant clusters 
The syllable shape for TS’s dialect is maximally: C1(C2)VT, where C1 can be any 
consonant except when there is a C2. When a consonant cluster is present, it can be any of the 
consonant clusters provided in (6.3) (possibly a few others). No coda is present, and the T is 
any of the six aforementioned tones. Lar (2001) proposes that there are two kinds of syllables 
in Sgaw Karen, major and minor syllables. Under this analysis, a syllable is composed of an 
optional minor syllable and a major syllable: (C1V1) C2(C3)V2T(C4). However, further 
research is needed to establish the patterns and possible functions of minor syllables, their 
phonological representation, and their phonetic characteristics. 
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CHAPTER 7
CONCLUSION
The goal of the thesis was to establish phonemicity for all of the distinct sounds 
proposed for TS’s dialect of Sgaw Karen and to analyze them phonetically as appropriate, a 
project that does not seem to have been undertaken for the three other dialects of Sgaw Karen 
described (Moulmein, Bassein, and Yangon Sgaw). Although TS’s dialect shares many 
characteristics with the three previously described dialects, there are many differences, as 
noted in the previous sections. 
Sgaw Karen as spoken by TS has nine vowel phonemes, six distinct tones, and twenty 
five consonantal phonemes. The nine vowel phonemes as produced by TS are: /i, e, ɛ, a, #, ɨ, 
ɔ, o, u/. Each phoneme has one distinct allophone, unlike previously proposed for other Sgaw 
Karen dialects. Beyond vowels, the tones were investigated. In her dialect, TS has six distinct 
tonal categories, all with characteristic shape, as depicted in (4.13) above, voicing, and start 
and end frequencies. The six tones with the aforementioned characteristics are shown in the 
graphic in (7.1). In terms of phonetics, tones 2 and 5 are similar enough to each other that 
they may appear to be allotones of the same toneme. However, the presence of minimal pairs 
suggest that they are distinct categorically. Further research is necessary to establish what 
phonetic cues allow the native speaker to perceptually distinguish these two tones. 
Additionally, the tones found for TS’s dialect were somewhat unlike the ones previously 
described for Moulmein Sgaw (Jones 1961), Bassein Sgaw (Jones 1961), and Yangon Sgaw 
(Lar 2001), especially with regards to the rising tone 6—a contour not described for any of 
the other Sgaw Karen dialects. 
(7.1) Characteristics of TS’s six tonal categories
Tone 
Average frequencies and Labels
Description Audible 
voice qualityStart End 
F0 (Hz) Label F0 (Hz) Label
1 207.2 M 214.1 M Mid-level Modal
2ʔ 244.3 H 141.7 L High-falling Creaky
3 192.6 L 181.3 L Low-level Breathy 
4ʔ 204.9 M 159.8 L Mid-falling Creaky
5ʔ 232.9 H 149.7 L High-falling Creaky
6 192.2 L 238.7 H Low-rising Breathy 
Upon analysis, the twenty five consonantal phonemes also demonstrated some 
differences from MS, BS, and YS. Although attested in other dialects, TS’s dialect lacked the 
voiced fricatives /z, ɦ/, and its only voiced fricative /ɣ/ had an intervocalic allophone [ɰ]. For 
TS’s Sgaw Karen, /ɣ/ behaves more like an approximant than a voiced fricative, also 
appearing as the second consonant in an onset cluster (along with other sonorous sounds). 
Another instance of allophony was noted for the consonants in her dialect, that of: /s/ 
produced as either [s] or [tʃ] and /sʰ/ produced as either [sʰ] or [tʃʰ]. Although both the 
fricative and the affricate appear to vary freely, the fricative is produced more often than the 
affricate and has therefore been taken as the looking like the underlying phoneme. A 
summary of the twenty five consonant phonemes found in the data to be contrastive is 
presented in graphic (7.2). 
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(7.2) Summary of consonant phonemes in TS’s variety of Sgaw Karen
Manner
Place of articulation
Labial Coronal Post-alveolar Palatal Velar Glottal
Stops 
Unaspirated p t k ʔ
Aspirated pʰ tʰ kʰ
Implosive ɓ ɗ
Fricatives 
Unaspirated θ s ʃj x  ɣ h
Aspirated sʰ
Nasals m n ɲ ŋ
Approximants w l j w
Trill r
Lastly, the syllable shape for TS’s dialect is maximally: C1(C2)VC3, where C1 can be 
any consonant except when there is a C2. When a consonant cluster is present, it can be any 
of the consonant clusters provided in (6.3) (possibly a few others). In the coda position, C3 
can only be a glottal stop, the presence of which usually depends on the tone found in V. Lar 
(2001) proposes that there are two kinds of syllables in Sgaw Karen, major and minor 
syllables. Under this analysis, a syllable is composed of an optional minor syllable and a 
major syllable: (C1V1) C2(C3)V2T. However, further research is needed to establish the 
patterns and possible functions of minor syllables, their phonological representation, and 
their phonetic characteristics.
Although this project presents a comprehensive phonological analysis of TS’s variety 
of Sgaw Karen, there are still questions that remain regarding the tones and syllable structure. 
Future research should involve more participants and continue to analyze the tones, 
particularly in different contexts. Additionally, more information about minor syllables would 
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be helpful in understanding the underlying phonological representations of words in Sgaw 
Karen. 
Overall, from the analysis of TS’s variety of Sgaw Karen, it does not appear to match 
any of the previously described dialects and thus represents a distinct dialect of Sgaw Karen. 
The data from this thesis thus provides an additional platform for experimental studies in the 
future and for comparison as the intricacies of the phonological and phonetic systems of the 
language are further explored.
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APPENDICES
Appendix A: Elicitation Material
(A.1) Elicitation material in Sgaw Karen script for the minimal set of vowel phonemes. 
Karen script IPA Gloss 
သ0 [θi]  ‘die’
သ1 [θe]  ‘can (do something)’
သ, [θɛ]  ‘to make a noise’
သ2 [θa] Syllable of [k#θa] ‘to breathe’
သi [θ#]  ‘three (number)’
သ3 [θɨ]  ‘you all (pl you)’
သ# [θɔ]  ‘new’
သ4 [θo]  ‘oil’
သ5 [θu]  ‘black’
  Note: Glosses were provided by TS
(A.2) Elicitation material in Sgaw Karen script for all vowel and tone combinations elicited 
for vowel and tonal phonetic analysis, reproduced from Ballard (1993, p43).
IPA for 
vowel 
sound
Tones
A B C D E F
a ug ugI ugP ug; ugO ug :
i uH uHI uHP uH; uHO uH :
# uU uUI uUP uU; uUO uU :
IPA for 
vowel 
sound
Tones
A B C D E F
ɨ uk ukI ukP uk; ukO uk :
u ul ulI ulP ul; ulO ul :
e uh uhI uhP uh; uhO uh :
ɛ uJ uJI uJP uJ; uJO uJ :
o ud udI udP ud; udO ud :
ɔ uD uDI uDP uD; uDO uD :
Note:  The vowel in all of these words occur word-finally after [k] and a bear one tone.  
 The consonant with the sound [k] is written as  u. Sgaw Karen script has 9 written 
 vowels, and 6 “written” tones (Ballard, 1993). The vowels are written on the 
 consonant, almost like a diacritic (except for [a] which is written as  g after the 
 consonant and before  the tone mark). One of the tones is unmarked (as seen in the 
 first column in the table), and the other five tones are marked after the vowel, as 
 shown in columns B-F above. 
 Tone A has no written  mark. Tone B is marked by I. Tone C is marked by P. Tone D 
 is marked by ;. Tone E is marked by O. Tone F is marked by :. 
(A.3) Elicitation material in English for the comparison of tones with Jones (1961) and Lar 
(2001).
Gloss IPA transcription
‘to die’ θi1
‘poison’ sɨʔ5
‘hot’ koʔ2
‘son-in-law’ ma3
‘rice’ me6
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Gloss IPA transcription
‘heart’ θaʔ4
  Note: The IPA transcription of the word reflects the Karen term as 
  provided by TS 
(A.4) Elicitation material in Karen script for the consonant sounds with every vowel used to 
find minimal pairs or near-minimal pairs to establish phonemicity.
Cons. 
Sound
Vowel phoneme 
a i * ɨ u e ɛ o ɔ
k က# က$ ကi က% က& က' က( က) က*
kʰ ခ# ခ$ ခi ခ% ခ& ခ' ခ( ခ) ခ*
ɣ ဂ# ဂ$ ဂi ဂ% ဂ& ဂ' ဂ( ဂ) ဂ*
x ဃ# ဃ$ ဃi ဃ% ဃ& ဃ' ဃ( ဃ) ဃ*
ŋ င# င$ ငi င% င& င' င( င) င*
s စ# စ$ စi စ% စ& စ' စ( စ) စ*
sʰ ဆ# ဆ$ ဆi ဆ% ဆ& ဆ' ဆ( ဆ) ဆ*
ʃ za zE zi zu zv zA ze zO zo
ɲ ည# ည$ ညi ည2 ည3 ည' ည( ည) ည*
t တ# တ$ တi တ% တ& တ' တ( တ) တ*
tʰ ထ# ထ$ ထi ထ% ထ& ထ' ထ( ထ) ထ*
n န# န$ နi 7% 7& န8 န( န) န*
p ပ# ပ$ ပi ပ% ပ& ပ' ပ( ပ) ပ*
pʰ ဖ# ဖ$ ဖi ဖ% ဖ& ဖ' ဖ( ဖ) ဖ*
ɓ ဘ# ဘ$ ဘi ဘ% ဘ& ဘ' ဘ( ဘ) ဘ*
m မ# မ$ မi မ% မ& မ' မ( မ) မ*
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Cons. 
Sound
Vowel phoneme 
a i * ɨ u e ɛ o ɔ
j ယ# ယ$ ယi ယ% ယ& ယ' ယ( ယ) ယ*
r ရ# ရ$ ရi ?% ရ ရ@ ရ( ရ) ရ*
l လ# လ$ လi လ% လ& လ' လ( လ) လ*
w ဝ# ဝ$ ဝi ဝ% ဝ& ဝ' ဝ( ဝ) ဝ*
θ သ# သ$ သi ယ% ယ& ယ' ယ( ယ) ယ*
h ဟ# ဟ$ ဟi ဟ% ဟ& ဟ' ဟ( ဟ) ဟ*
ɗ ဒ# ဒ$ ဒi ဒ% ဒ& ဒ' ဒ( ဒ) ဒ*
ʔ အ# အ$ အi အ% အ& အ' အ( အ) အ*
Note: The lightly shaded header row and column indicate the expected IPA transcription for 
the written syllable. For example, “က#” is expected to sound like [ka]. No written tone 
markings appear in these syllables (i.e. should yield tone 1).
(A.5) Elicitation material in English used for the elicitation of onset consonant clusters.
Gloss
Source & IPA transcription
Jones (1961) Lar (2001) Database
Tired bɣīʔ
To be full pɣɛ˧
Farmer pwamatʃepʰo
Dog tʰwíʔ tʰwɪ˨
To throw kwìʔ kwɪ̰4ʔ
Cup [kʰwa]
Nine kʰwí
Nest θwí
To scream phɣāʔ
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Gloss
Source & IPA transcription
Jones (1961) Lar (2001) Database
Soft rock l#̀ˈmléʔ
Sink bl#́
February ˈpheʔbruˈʔari
Tongue plē ple˧
Person pɣā
Seed kʰlí
Valley tatɾɔbo
To push sʰwáʔ
Cricket dwéʔ
Four lwì
Shy pwɪ
To play lo4ʔkwɛ˦
To buy pɣe˧t̬a̤˩
Seven nwí
Circle (n) kwɔ̄
Broom nɔkʰwɛ
To crawl swá
Powder/dust prūʔ
Poor pʰɣɔ́ʔ
Spade mɣá
Tame bɣá
Festival pwɛ́
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Gloss
Source & IPA transcription
Jones (1961) Lar (2001) Database
To compete pr#́
Plow (N) krà
Snail kʰlo˨
Echo t#ʔθrɔ́
Wash clothes ʃu t͡ʃɛku t͡ʃɛka
God jwā
To coax lwɛ́
Sad θat#mupwa
Price #ˈpwi
Light #ˈpʰwi
Jackfruit p#̄ʔnwɛ̀θá
Axe (n) kwá
To sweep kʰwɛ
Crab sʰwɛ́ʔ
To whither ñwìʔ
Market phjá
Hall blɔ́ʔ
Dew bɣéʔ
Rise pwāʔ
To fill in prìʔ
Pronounce correctly klá
Door trɛ̄
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Gloss
Source & IPA transcription
Jones (1961) Lar (2001) Database
Grasp sɣō
Wild shɣá
Yam nwɛ́ʔ
Soap sʰapja
People pwak#ɲo
Smile ni˧k#mɣi˦
To rest bwe
To try mākwà
Man po5ʔkʰwa˦
Hook (n) t#kʰwe
Blood θwíʔ
Should kr#
Precious stone tàˈmlà
Hang up blāʔ
To vomit bɣɔ̄ʔ
Rope plī
Old pɣà
Rotten kláʔ
Window pɛtɾɔpʰo
Brittle sɣɔʔ
To avoid sʰɣɛ̄ʔ
Note: words were taken from the word lists provided by Jones (1961) and Lar (2001), as well 
as a database created during the Field Methods course in the fall of 2012 taught at UNC-CH. 
The three columns refer to the places where the words were found and the transcription 
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provided by each list. All of the words from Jones (1961) depicted in the table refer to 
Moulmein Sgaw. 
(A.6) Elicitation material in Karen script used for the elicitation of onset consonant clusters.
Sgaw orthography Consonant cluster Sgaw orthography Consonant cluster
pS [sɣ] qS [sʰɣ]
yS [pɣ] zS [pʰɣ]
bS [ɓɣ] rS [mɣ]
ua [kj] ca [kʰj]
ya [pj] za [pʰj]
ba [ɓj] ra [mj]
ju [kr] ]c [kʰr]
]p [sr] jq [sʰr]
jw [tr] jx [tʰr]
]y [pr] ]z [pʰr]
jo [θr] us [kl]
cs [kʰl] ys [pl]
zs [pʰl] bs [ɓl]
rs [ml] က6 [kw]
ခ6 [kʰw] စ6 [sw]
ဆ6 [sʰw] 96 [ɲw]
တ6 [tw] ထ6 [tʰw]
ဒ6 [ɗw] ပ6 [pw]
ဖ6 [pʰw] မ6 [mw]
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Sgaw orthography Consonant cluster Sgaw orthography Consonant cluster
=6 [rw] လ6 [lw]
သ6 [θw]
Note: The default vowel when there is no written vowel, according to the native speaker 
consultant, is [a].  For example, pSwas pronounced as [sɣa]. 
Appendix B: Vowel formant frequency measurements 
Raw first and second formant measurements for Sgaw Karen vowels 
(B.1) Measurements of first, second, and third formant frequencies for all of the vowel tokens 
represented in figure 3.1 for TS 
Vowel Transcript
Frequencies at midpoint (Hz)
F1 F2 F3
 i ki6 327.88 2780.46 3362.61
 i ki6 340.54 2687.69 3288.45
 i kiʔ5 292.37 2856.94 3340.15
 i kiʔ4 281.24 2745.07 3525.75
 i ki3 317.26 2736.79 3783.91
 i ki3 325.92 2686.78 3339.37
 i kiʔ2 286.99 2703.79 3440.42
 i ki1 349.39 2679.75 3452.17
 i ki1 339.04 2727.01 3372.15
 i kiʔ2 306.93 2838.34 3356.69
 e  ke6 383.78 2644.09 3284.68
 e  ke6 387.17 2711.55 3271.89
 e  keʔ5 452.68 2739.64 3197.65
 e  keʔ5 433.52 2737.57 3199.01
 e  keʔ4 384.70 2717.29 3551.61
 e  keʔ4 383.32 2655.33 3034.55
 e  keʔ2 420.88 2693.94 3003.42
 e  ke1 415.30 2681.60 3307.20
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Vowel Transcript
Frequencies at midpoint (Hz)
F1 F2 F3
 e  ke3 402.31 2703.27 3200.28
 e  keʔ4 368.33 2661.13 3073.85
 ɛ kɛ6 527.82 2635.74 2632.59
 ɛ kɛ6 529.19 2466.59 3141.80
 ɛ kɛʔ5 624.91 2475.89 3123.41
 ɛ kɛ3 551.03 2457.18 3167.92
 ɛ kɛʔ4 537.24 2296.19 2925.61
 ɛ kɛʔ4 543.98 2686.93 3126.90
 ɛ kɛ3 526.34 2577.95 3152.81
 ɛ kɛʔ2 624.64 2155.93 3092.56
 ɛ kɛ1 601.27 2354.70 3053.94
 ɛ kɛ1 566.75 2396.91 3252.15
 a ka6 972.94 1682.52 3295.81
 a ka6 952.38 1709.37 3129.77
 a kaʔ5 924.53 1744.38 2955.46
 a kaʔ5 903.65 1741.45 3107.40
 a kaʔ4 1025.72 1740.70 3097.19
 a kaʔ4 892.52 1745.84 3054.07
 a ka3 1047.78 1689.61 3103.87
 a kaʔ2 947.83 1528.13 3148.84
 a ka1 992.86 1786.67 3180.68
 a kaʔ5 897.50 1775.37 3077.95
 # k#6 554.59 1420.91 3003.18
 # k#6 565.99 1296.57 2882.15
 # k#ʔ5 611.45 1356.82 3088.88
 # k#ʔ4 584.69 1364.57 3103.02
 # k#ʔ4 567.31 1394.95 3031.73
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Vowel Transcript
Frequencies at midpoint (Hz)
F1 F2 F3
 # k#3 564.38 1391.27 3062.32
 # k#3 551.43 1428.04 3162.40
 # k#ʔ2 618.41 1314.16 3332.36
 # k#1 572.49 1377.11 3109.95
 # k#ʔ2 649.89 1386.78 3105.07
 ɨ kɨ6 448.91 1485.10 3092.49
 ɨ kɨ6 438.52 1363.61 2991.14
 ɨ kɨʔ5 468.32 937.80 3072.90
 ɨ kɨʔ5 448.77 896.96 3155.20
 ɨ kɨʔ4 408.02 982.37 2896.02
 ɨ kɨʔ4 375.10 806.03 2920.11
 ɨ kɨ3 384.42 1344.75 2854.06
 ɨ kɨ3 366.45 1466.52 2923.21
 ɨ kɨʔ2 374.67 1386.73 3055.21
 ɨ kɨ1 386.36 1492.83 2984.49
 ɔ  kɔ6 622.73 898.45 3269.29
 ɔ  kɔʔ4 769.96 986.15 3338.84
 ɔ  kɔʔ5 646.83 862.57 3235.71
 ɔ  kɔ3 743.67 894.97 3268.77
 ɔ  kɔʔ2 713.42 1042.45 3281.00
 ɔ  kɔ1 764.71 956.05 3353.35
 ɔ  kɔ1 626.35 873.03 3424.17
 ɔ  kɔʔ2 727.42 952.74 3373.85
 ɔ  kɔ3 614.87 923.40 3470.73
 ɔ  kɔʔ4 700.73 1053.78 3611.71
 o ko6 371.28 706.16 3163.47
 o koʔ5 449.70 785.06 3150.50
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Vowel Transcript
Frequencies at midpoint (Hz)
F1 F2 F3
 o koʔ4 451.39 818.44 3077.92
 o koʔ4 461.97 824.24 3578.70
 o ko3 395.41 710.84 3207.17
 o koʔ2 447.80 834.38 3452.77
 o ko1 420.48 823.05 3107.38
 o ko1 415.26 837.06 3195.05
 o ko3 378.92 712.84 3288.35
 o koʔ5 469.24 857.47 3851.50
 u  ku6 308.46 1023.36 2898.78
 u  kuʔ5 323.10 916.32 2986.53
 u  kuʔ5 358.02 835.22 3052.00
 u  kuʔ4 337.63 755.44 3022.25
 u  ku3 333.31 847.86 2926.49
 u  ku3 352.56 794.04 2870.47
 u kuʔ4 392.56 730.47 2903.93
 u  ku1 316.49 810.37 3229.05
 u  kuʔ2 356.86 784.91 3180.35
 u  ku3 388.48 730.75 2791.56
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Appendix C: Results of comparison of vowel duration by tone for TS 
(C.1) contains the comparison between all 6 tones with the estimate (length of A 
minus length of B, if looking at A vs B comparison), the standard error, the t-value, and the 
probability value (p-value). 
(C.1) Results of two-tailed t-test for vowel duration by tone for TS 
Tones being 
compared Estimate
Standard 
Error t value Probability
1 vs 2 0.20845067 0.02327233 8.96 <.0001
1 vs 3 0.13196107 0.02280213 5.79 <.0001
1 vs 4 0.27072771 0.02220909 12.19 <.0001
1 vs 5 0.21322474 0.02280213 9.35 <.0001
1 vs 6 0.03429550 0.02239381 1.53 0.1278
2 vs 3 -0.07648960 0.02280213 -3.35 0.0010
2 vs 4 0.06227703 0.02220909 2.80 0.0057
2 vs 5 0.00477407 0.02280213 0.21 0.8345
2 vs 6 -0.17415517 0.02239381 -7.78 <.0001
3 vs 4 0.13876663 0.02171589 6.39 <.0001
3 vs 5 0.08126366 0.02232203 3.64 0.0004
3 vs 6 -0.09766557 0.02190476 -4.46 <.0001
4 vs 5 -0.05750297 0.02171589 -2.65 0.0090
4 vs 6 -0.23643220 0.02128674 -11.11 <.0001
5 vs 6 -0.17892923 0.02190476 -8.17 <.0001
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